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I am very sorry, Pyrophilus, that to the many 
(elsewhere enumerated) difficulties which you may meet 
with, and must therefore surmount, in the serious and 
effectual prosecution of experimental philosophy I must 
add one discouragement more, which will perhaps as much 
surprise as dishearten you; and it is, that besides 
that you will find (as we elsewhere mention) many of 
the experiments published by authors, or related to you 
by the persons you converse with, false and 
unsuccessful (besides this, I say) you will meet with 
several observations and experiments which, though 
communicated for true by candid authors or undistrusted 
eye-witnesses, or perhaps recommended by your own 
experience, may upon further trial, disappoint your 
expectation, either not at all succeeding constantly, 
or at least varying much from what you expected. 
ROBERT BOYLE, 1673, 
Concerning the Unsuccessfulness of Experiments. 
Pigeon Short-Term Memory 
2 
Abstract 
The aim of this research was to examine the effects 
of illumination and intertrial interval duration on 
pigeon short-term memory, using a successive 
matching-to-sample procedure. In phase one the 
retention interval was manipulated individually for 
each bird. During the second phase, a correction 
procedure was implemented in order to reduce the number 
of responses made to non-match comparison stimuli. In 
the third phase, the birds were returned to a common 
baseline, in order to observe what effect elimination 
of the correction procedure had on the bird's 
performance. In the final phase of the research, after 
achieving stable performance in the baseline condition, 
the effects of different durations of illuminated and 
darkened intertrial intervals on pigeon short-term 
memory were assessed. The results revealed that 
performance was significantly disrupted at the longer 
ITI durations spent in the light. This was a result of 
increased response rates to the non-match comparison 
stimuli during the longer illuminated ITI durations for 
the second replication of testing. By examination of 
other findings in the present research, it was 
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suggested that a more careful analysis of other 
factors, such as autopecking may be necessary in order 
to determine whether proactive inhibition effects can 
be evidenced in the successive DMTS procedure. 
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Introduction 
The study of memory by psychologists has a long 
history of experimental work, dating from the 
publication in 1885 of Hermann Ebbinghaus's monograph, 
Memory. Over the past decade, memory processes in 
animals have emerged as a topic of legitimate study and 
interest. Numerous researchers have reported findings 
to indicate that there exist similarities between human 
memory phenomena and the animal memory phenomena 
observed in monkeys (D'Amato, 1973; Moise, 1970; 
Jarrard § Moise, 1970), dolphins (Herman § Gordon, 
1974; Herman, 1975), rats (Spear, 1971), and pigeons 
(Roberts, 1972; Roberts § Grant, 1974; 1978; Roberts, 
1980; Nelson § Wasserman, 1978). 
Most research in animal short-term memory (STM) in 
recent years has made use of the delayed 
matching-to-sample procedure (DMTS). In DMTS, the 
animal is first presented with a sample stimulus, 
either in the visual modality (Roberts, 1972; 1980) or 
in the auditory modality (Herman, 1975). The sample 
stimulus is terminated by either satisfying a response 
requirement or after a specified period of time has 
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elapsed. After the termination of the sample stimulus, 
there is a period of time, called a retention or delay 
period, where the animal may or may not have time to 
process the sample stimulus. Immediately following the 
retention interval, the animal is required to select 
out of several stimuli, called comparison stimuli, the 
most recently presented sample stimulus. A correct 
choice is followed by reinforcement, whereas an 
incorrect choice is followed by no reinforcement. 
Researchers studying- pigeon short-term memory have 
typically employed a version of the DMTS task in which 
visual stimuli are projected onto a three key array. 
The sample stimulus, in most studies, is presented on 
the center key and the two side keys are used to 
present the comparison stimuli. Typically, the pigeon 
must select the comparison stimulus that matches the 
most recently presented sample stimulus. Some 
researchers, however, have employed a successive DMTS 
procedure that focuses on producing differential 
response rates to comparison stimuli, as a function of 
whether the sample stimulus was the same or different 
from the comparison stimuli. The dependent measure in 
a successive DMTS procedure is response rate while for 
the more common DMTS procedure it is response choice. 
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Regardless of whether the procedure used is a DMTS 
task or a successive DMTS task, similar findings have 
been reported when researchers have manipulated such 
variables as sample exposure time, length of retention 
interval, and retention interval illumination (Roberts, 
1972; Roberts § Grant, 1978; Nelson § Wasserman, 1978; 
Tranberg § Rilling, 1980). 
Another variable that has been studied in both DMTS 
and successive DMTS procedures is the intertrial 
interval duration, the time between the termination of 
one trial (trial n-1) and the beginning of the next 
(trial n). The basic finding, when either of the two 
DMTS procedures is used, has been that the poorest 
performance occurs when the intertrial interval (ITI) 
is very short (1 or 2 sec) and improved performance 
occurs as a function of increasing the ITI duration, 
(Grant, 1975; Nelson § Wasserman, 1978). However, 
recently Santi and Grossi (in press), using a 
successive DMTS procedure, demonstrated that increasing 
the ITI duration led to poorer performance. It seems 
then that the consistency in results obtained with a 
DMTS task is not evident in the successive DMTS 
procedure when manipulating ITI duration. It may be 
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that procedural and methodological differences between 
studies using a successive DMTS procedure may produce 
greater discrepancies in results than studies employing 
the more common DMTS procedure. Perhaps more 
attention, then, should be given to an examination of 
the variables that may or may not lead to stable and 
comparable performance when using a successive DMTS 
procedure. 
In addition to manipulating ITI duration, Santi and 
Grossi (in press) also manipulated whether the ITI 
duration was spent in the light or in darkness. They 
reported that performance was higher when the ITI 
duration was spent in darkness. 
The aim of the present research is to re-examine 
the effects of illumination and intertrial interval 
duration on pigeon short-term memory, using a 
successive matching-to-sample procedure. The primary 
issues of concern in the present research are as 
follows. What manipulations are needed in a delayed 
matching-to-sample procedure in order to show stable 
performance (defined by a pre-determined criterion) 
that is comparable across all subjects? Secondly, what 
effect does manipulating the ITI have on pigeon 
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short-term memory in a successive DMTS task? Thus can 
the results obtained by Santi and Grossi (in press) be 
replicated? Thirdly, will the differential effect of 
illumination, as reported by Santi and Grossi, be 
obtained in the present research? In other words, will 
discriminative performance still be higher following a 
darkened ITI then an ITI duration spent in 
illumination? 
Pigeon Short-Term Memory 
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Delayed Response Experiments 
in Early Animal Studies. 
Hunter's (1913) work on the delayed response 
problem was perhaps the first attempt to determine 
experimentally, whether non-human animals had 
representational memory. A wide variety of subjects 
were used by Hunter including rats, dogs, and raccoons. 
The task involved teaching the different species to 
associate a light at one of several food boxes with 
reward. The subject would be released from the holding 
cage and proceed to the lighted food box. Once this 
association between light and food box had been 
established, the light would be extinguished before 
releasing the subject, requiring the subject to 
remember which of the food boxes had been lit. Since 
the subjects were required to respond without the aid 
of the light, this seemed to Hunter to offer the 
potential of testing for representational memory across 
a wide range of species. Hunter imposed different 
delays between the time the light went off to when the 
subject was released from the cage. He argued that the 
longer an animal could wait and still be successful in 
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choosing the correct box, the more likely it was that 
the animal was using mental imagery. 
All the animals tested showed some ability to make 
the correct response after the delay, but the limits of 
the delay varied widely among species. It was found 
that the maximal delay for rats was 10 sec whereas 
raccoons could delay for 25 sec and dogs for 5 minutest 
Hunter also noted that the success of rats and dogs 
appeared to depend on the maintenance of a positional 
orientation toward the correct exit during the delay, 
although raccoons were able to select the correct exit 
regardless of their orientation during the delay. 
Extensive research after the publication of 
Hunter's monograph was directed to determining whether 
cats, dogs, and rats required specific body orientation 
to successfully perform delayed response and in 
addition, to determining the limits of their delay 
capacity. A number of techniques (such as restraining 
the animal) were devised to prevent animals from 
orienting toward the correct exit during the delay and 
it was found that all species studied showed successful 
delayed response under these conditions. Further 
attempts to scale animals in terms of delay limits were 
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disappointing in that no absolute limit could be found 
for any given species. This was probably due, in part, 
to the various methods adopted by these researchers, 
particularly the use of spatially separated and 
visually differentiated stimuli. It was suggested that 
the type of apparatus and experimental procedure were 
far more important factors in determining the limits of 
delay than was species. 
Paradigms That Emerged For 
Studying Pigeon Short Term Memory. 
Following Hunter's work and because, perhaps, of 
the increase in behaviorist thinking by researchers, 
there was a considerable period during which work on 
animal memory lanquished. However, over the past 
decade research on animal memory has greatly 
accelerated. This has led to the development of 
several types of procedures for studying STM in 
animals. Recent research has made use of three 
procedures to study STM in pigeons: the advance key 
procedure, the delayed matching-to-sample procedure, 
and the successive matching-to-sample procedure. 
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Advance Key Procedure. In this procedure (Honig, 
1978), pigeons are trained on a simple successive 
discrimination and then provided with an advance key 
which could be pecked to terminate any trial and to 
initiate the next trial. In Honig's (1978) study, the 
center key was the food key and the left key was the 
advance key. The initial stimulus was presented on the 
food key and remained on for 20 sec. The S+ (rewarded) 
sample was a vertical line correlated with a 30 sec 
reinforcement schedule, while the S- (not rewarded) 
sample was a horizontal line which was correlated with 
extinction. The poststimulus was one of the same two 
stimuli which was illuminated for 60 sec. A trial that 
began with S+ ended with S-, while a trial that began 
with S- ended with S+. The pigeon had no control over 
this aspect of the procedure, but what could be learned 
was the predictive relationship involved in this 
contingency. After a retention period, called t, the 
advance key was illuminated with a red light. In the 
absence of a response to the advance key, it remained 
on until the interim stimulus terminated. The interim 
stimulus was a plain white light on the food key which 
remained on for 60 sec plus the retention interval 
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(t+60). If the pigeon pecked the advance key, both it 
and the interim stimulus were turned off and the 
terminal (poststimulus) appeared on the food key. In 
the absence of a peck to the advance key, the animal 
received reinforcement on a variable interval 2 minute 
schedule for pecks to the interim stimulus. Note that 
this schedule of reinforcement during the interim 
stimulus is more favorable than extinction when S- is 
the terminal stimulus, but less favorable than a 
variable interval 30 sec schedule when S+ is the 
terminal stimulus. The nature of the terminal 
stimulus, as Honig (1978) points out, was predicted by 
the initial stimulus, which could thus serve as a cue 
for the advance response. Honig also pointed out that 
since the onset of the advance key was delayed during 
the interim stimulus, the appropriate response to it 
depended upon the memory of the initial stimulus. 
Performance was calculated as an index of 
discrimination latency to peck the advance key when S+ 
appeared as the initial stimulus as opposed to when S-
appeared as the initial stimulus. Separate ratios were 
obtained for S+ initiated trials and S- initiated 
trials by dividing the total latencies for each type of 
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trial by the maximum time that the advance key was 
available. A good discrimination would be evident if a 
bird had a long latency to the advance key when S+ was 
the initial stimulus and a short latency to the advance 
key when S- was the initial stimulus. The results 
obtained with this procedure indicated excellent 
discriminative performance could be developed and that 
there was relatively little disruption in this 
performance despite substantial increases in the 
retention interval. 
Delayed Matching-to-Sample Procedure. Typically, 
the DMTS task begins with the presentation of a sample 
stimulus on the center key of a three key array for a 
temporally defined interval or until a response 
requirement has been satisfied. Then a retention 
period occurs during which no experimentally defined 
stimuli are presented and this is followed by the 
presentation of a test stimulus on each of the two side 
keys, one stimulus of which is similar to the 
previously presented sample. A response to the 
comparison stimulus identical to the sample is then 
reinforced ; choice of the other comparison stimulus is 
not reinforced. The number of correct choices divided 
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by the total number of trials and then multiplied by 
100 determines the bird's performance for that session. 
Blough (1959) was apparently the first to successfully 
demonstrate delayed matching-to-sample in pigeons. 
Results showed that as the length of the retention 
interval was increased matching accuracy decreased. 
Blough noted that in using this procedure the 
researcher has the opportunity to manipulate 
essentially three variables on any trial: the sample 
stimulus (nature of presentation time); responding to 
the position of the correct comparison (left or right); 
and the length of the retention interval. 
Successive Matching-to-Sample Procedure. Some 
researchers have opted to employ a somewhat different 
procedure than the common DMTS procedure. Typically, 
highly discriminable hues are employed such as red and 
green. The sample stimulus is presented on the center 
key for a predetermined period of time. This is 
followed by a retention interval, usually spent in 
darkness, and subsequently the presentation of one 
comparison stimulus also on the center key. If the 
comparison stimulus matches the sample stimulus, 
reinforcement is made available for the first response 
Pigeon Short-Term Memory 
23 
which occurs after a period of time has elapsed. If 
the comparison stimulus does not match the most 
recently presented sample stimulus, a blackout occurs 
after the comparison stimulus has terminated. A 
discrimination index is determined for each bird by 
dividing the total number of responses made to the 
match comparison stimuli by the total number of 
responses to both the match and non-match comparisons. 
This ratio is then multiplied by 100. 
Nelson and Wasserman (1978) argued that a 
successive DMTS technique has advantages over the DMTS 
procedure. First, the presentation of two or more 
sounds or odours raises the potential for interaction 
between distinctive sensory signals. This problem is 
alleviated by employing the successive matching task 
since only one stimulus is presented at a time. 
Second, in the DMTS task the subjects may adopt a 
position preference since the stimuli that are 
simultaneously presented at test are located in 
different spatial locations. In the successive DMTS 
procedure, only one key is required, thereby 
eliminating possible position biases. Third, as the 
subjects gradually master the DMTS task, the frequency 
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of reinforcement correspondingly increases, thus 
changes in performance that are traceable to this 
aspect of the procedure might affect matching behavior 
in unknown ways. In the successive paradigm, 
reinforcement density remains constant throughout 
training and is not a function of matching accuracy. 
Finally, the DMTS procedure requires a longer period of 
time for the animals to acquire the task, while the 
time required to acquire a successive DMTS procedure is 
reported to be much less. Employing this successive 
procedure Nelson and Wasserman (1978) demonstrated that 
manipulation of temporal variables, such as sample 
exposure time and length of retention interval, 
affected performance in a similar manner to 
manipulations of the same variables in studies using 
the DMTS procedure. 
EXPERIMENTAL MANIPULATIONS USING THE DMTS PROCEDURE. 
Exposure Time. One variable that has been shown to 
have a considerable effect on human STM is the length 
of exposure time of the to-be-remembered item (TBRI). 
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Traditionally researchers have reported findings 
indicating a progressive improvement in recall scores 
with an increase in the number of presentations of the 
TBRI (Peterson § Peterson, 1959). Hellyer (1962) 
increased the number of presentations of consonant 
trigrams from one to eight and reported higher 
retention with eight presentations than with one 
presentation. Murdock (1960) had subjects recall 
several word lists and found that the length of time 
for which items were presented was related linearly to 
the number of words recalled. 
In light of the strong effect of presentation time 
on human STM, animal researchers soon began to 
investigate if a pigeon's memory might be affected 
similarly by the exposure duration of a sample 
stimulus. Using a DMTS procedure, Roberts (1972) 
varied the number of pecks required to terminate a 
colored sample stimulus projected on the center key. 
The pigeons were required to emit either 1, 5, or 15 
pecks before the sample stimulus terminated. These 
requirements define a fixed ratio (FR) schedule of 
reinforcement. Roberts reported that accuracy 
increased substantially with increases in the FR 
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requirement on the sample key. Even though Roberts' 
results were consistent with those reported in the 
human literature, he noticed that in his study the 
exposure time of the sample was not under the direct 
control of the experimenter. The sample terminated 
only when the FR was met. This confound led Roberts 
and Grant (1974) to conduct another study in which the 
sample exposure was controlled automatically by a 
timer. The sample stimulus was presented for a fixed 
period of time on each trial (.5, 1, 2, 4, or 8 sec). 
The results confirmed that matching accuracy increased 
as exposure time of the sample increased. Nelson and 
Wasserman (1978) demonstrated a similar effect of 
sample duration while employing a successive DMTS 
procedure. Herman and Gordon (1974) also confirmed the 
effect of sample duration with dolphins. Using an 
auditory DMTS procedure, it was found that performance 
dropped to chance level when the sample duration was 
decreased to .2 sec or less. 
There is evidence to show that monkeys do not show 
the effect of sample duration and can perform above 
chance with very brief sample durations. D'Amato and 
Worsham (1972) trained two capuchin monkeys in a DMTS 
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task where the sample duration was set at .075 sec to 
.45 sec. The data revealed that the (above chance) 
performance of both monkeys was independent of sample 
exposure duration. Apparently, monkeys do not have to 
view the sample for a very long period in order to 
match accurately. However, D'Amato (1973) accounts for 
the data obtained by D'Amato and Worsham (1972) by 
suggesting that "perhaps because of the considerable 
experience (the) subject (in that study had) with the 
sample set, each stimulus was a highly organized 
configuration which could be identified even with 
partial information, just as a human observer can 
identify a triangle at exposure times too brief for him 
to perceive the entire figure" (D'Amato, 1973, p-246). 
Recently, Devine, Jones, Neville, and Sakai (1977) have 
reported that naive rhesus monkeys do show an 
improvement in performance with increasing sample 
duration. Roitblat (1980), therefore, concludes that 
level of training seems to be the critical variable 
involved in accounting for the differences in findings 
with monkeys. 
Effects of Temporal Spacing of Sample Presentation. 
An interesting finding that has emerged from studies of 
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human STM has come to be known as the spacing effect 
(Hintzman, 1974). Researchers have consistently 
reported that if a TBRI is presented to subjects twice 
before a test of memory, recall is higher if the two 
presentations are spaced apart in time than if they are 
massed together (Bjork, 1970). The effect has been 
obtained in experiments using a single stimulus, such 
as a consonant trigram, and also in experiments using 
multiple items, such as a list of common nouns (Melton, 
1970). In both cases it has been found that the 
facilitation due to spacing increases with the length 
of the spacing interval but only to a certain point. 
Finally, the effect has been found with both recall and 
recognition tests (Melton, 1970). The spacing effect 
has been viewed as interesting but puzzling because the 
interval following the first presentation of an item 
leads to forgetting of that item and yet enchances 
retention if the item is repeated. Hintzman (1974) 
reviewed several theories that could explain the 
spacing effect such as the consolidation theory, the 
rehearsal theory and an encoding variability theory. 
Hintzman concluded that each of the explanations is 
inadequate in some way and each requires further 
verification by additional empirical investigations. 
Pigeon Short-Term Memory 
29 
Given the somewhat surprising effects of spacing in 
human retention, Roberts and Grant (1974) conducted an 
experiment with pigeons in order to determine whether 
this effect is unique to humans or if it might also be 
found in other species. Using a DMTS procedure, the 
sample was presented for an initial time (PI) followed 
by an interstimulus interval (ISI), and finally 
followed by a second presentation of the sample (P2). 
Since the interstimulus interval was the primary 
variable of interest, four durations were used ranging 
from 0 to 5 sec. Based on the studies conducted with 
humans it was expected that better performance would be 
observed at the 5 sec than at the 0 sec ISI. The 
obtained results revealed exactly the opposite. 
Performance became progressively worse as the ISI 
became longer. In another experiment (Roberts, 1972, 
Experiment 3), pigeons were exposed to either two or 
eight successive presentations of the sample stimulus. 
The experimenter did not have precise control over the 
presentation time since a response requirement to the 
sample had to be completed in order to terminate the 
sample. Interstimulus intervals of 0, 1, 3, 6 and 10 
sec were interpolated between successive presentations 
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of the sample stimuli. The results revealed that 
performance was considerably higher after eight 
presentations than after two presentations and that 
matching accuracy generally declined as the ISI was 
lengthened. The interaction of frequency of 
presentation with ISI indicated that performance 
dropped faster as a function of increasing length of 
ISI at 8 presentations than at 2 presentations. 
It might be argued that the use of verbal items 
which involve language as an encoding device in human 
studies is a critical factor in the differential effect 
of spacing across species. However, there is some 
evidence by employing intertrial spacing as opposed to 
intratrial spacing to show that facilitating effects 
of spacing can be obtained in non-humans. Robbins and 
Bush (1973) tested great apes on a series of two-choice 
discrimination problems with Trials 1 and 2 on a given 
problem separated by different numbers of interpolated 
trials on other problems. When the apes were tested 
for retention on a third trial , it was found that 
memory at longer retention intervals improved as the 
spacing intervals between Trials 1 and 2 increased. 
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In summary, to conclude that the spacing effect is 
only characteristic of mammals and not birds may at 
this point be very premature. A reasonable argument 
could be made that the differences observed between 
species thus far are simply the result of procedural 
inconsistencies. 
EFFECTS OF RETENTION INTERVAL MANIPULATION. 
Length of Retention Interval. As the retention 
interval is lengthened, whether the subjects are human 
or non-human, it has been consistently found that 
recall of the stimulus or stimuli preceding the 
retention interval is reduced (Hellyer, 1962; Roberts § 
Grant, 1974). Animal researchers began to examine the 
limits of retention interval manipulation in pigeons. 
Grant (1976) was interested in exploring whether 
highly practised pigeons were capable of above chance 
matching at retention intervals greater than 10 sec. 
Four retention intervals were employed: 0, 20, 40, and 
60 sec. It was found that performance was highest at 
the shortest retention interval and became worse as the 
Pigeon Short-Term Memory 
32 
retention interval increased, but remarkably, matching 
accuracy remained above chance even with the 60 sec 
retention interval. Grant concluded that his study 
provided evidence that highly practised pigeons are 
capable of above chance matching performance with a 
retention interval of 60 sec provided that the sample 
was presented for 4 sec or longer. He also pointed out 
that 60 sec may not be the upper limit for pigeons, 
since there is the possibility that more practise and a 
gradual increase in the retention interval may increase 
the upper limit. 
Scheckel (1965) reported similar performance with a 
60 sec retention interval using rhesus monkeys. 
D'Amato and Worsham (1972) , using capuchin monkeys, 
have reported above chance performance with retention 
intervals as long as 240 sec. In this study, sample 
exposure duration (ranging from .075 to .450 sec) was 
manipulated jointly with retention interval duration. 
Two monkeys were given 12 sessions in which the 
duration of the retention interval was increased in 
blocks of 3 sessions from 7.5, 15, 30, to 60 sec. The 
retention interval was then increased to 120 sec for 
both animals. One animal was then exposed to 5 
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sessions of DMTS with a 180 sec retention interval and 
then 25 sessions with a 240 sec retention interval. 
The other animal was tested with each of the sample 
durations and a 120 sec retention interval. The 
results revealed that the animal tested at the 120 sec 
retention interval showed a decrease in performance at 
the .075 sec sample duration condition, dropping to 58% 
correct responses. For the other animal, with the 240 
sec retention interval at the .075 sec condition, 
performance dropped to 70% from a 98% in the .15 and 
.10 sec. conditions. 
Herman and Gordon (1974) studied auditory DMTS with 
a dolphin and found errorless performance that for 
retention intervals of 30, 40, 60, and 90 sec. At a 
retention interval of 120 sec, there was only a single 
error. It was only when the sample duration was 
reduced to a very brief duration (.2 sec or less) with 
a 120 sec retention interval that performance decreased 
to only slightly above chance. The retention interval 
was not increased beyond 120 sec because the dolphin 
exhibited emotional responding. The authors point out 
that this may have developed because of the increasing 
contrasts between the minimum and maximum retention 
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intervals within a set of retention intervals with 
succeeding blocks of sample problems. D'Amato and 
Worsham (1972) reported no evidence of emotional 
responding in their monkeys when a constant retention 
interval was used throughout a session. Nelson and 
Wasserman (1978) used a successive DMTS procedure and 
employed retention intervals ranging from 1 to 40 sec. 
Performance was found to decrease as a function of 
increasing the retention interval. 
In summary, regardless of the species, all studies 
confirm that performance decreases as the length of the 
retention interval is increased. 
Retention Interval Illumination Effects. If after 
presenting a sample stimulus an interfering event is 
presented during the retention interval and performance 
is found to be poorer than in a condition where no 
interfering event was presented, it is inferred that 
the interfering event disrupted performance by 
producing retroactive inhibition. 
Etkin (1970; cited in D'Amato, 1973) showed that 
the delayed matching performance of monkeys was greatly 
facilitated when the retention interval was spent in 
darkness rather than in the normal illumination that 
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prevailed in the experimental chambers. When the 
houselight was on, the chamber was illuminated with a 
15-watt bulb which projected maximum illumination 
throughout the chamber. In the houselight off 
condition, the houselight was extinguished during the 
retention interval and the monkey spent this period in 
darkness. Etkin reported that this simple operation 
was sufficient to lead to marked differences in DMTS 
performance over retention intervals as long as 24 sec. 
D'Amato and O'Neill (1971) tested three monkeys in the 
houselight on and houselight off conditions with 
retention intervals ranging from 16 to 120 sec. 
Performance was higher in two of the monkeys when the 
retention interval was spent in darkness rather than 
when it was spent in an illuminated chamber and this 
was true across each retention interval. The third 
monkey's performance failed to reach significance at 
the 16 sec and 120 sec retention intervals, but 
performance at each of the other retention intervals 
was significant. 
Grant and Roberts (1976) extended the houselight 
illumination effects during retention intervals to 
pigeons. They reported that matching was substantially 
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lower when illumination filled the interval than when 
the interval was dark. This deficit was observed 
whether the source of illumination was the sample key 
or the houselight. In addition, their study also 
revealed that the differences between the light and 
dark conditions increased as the intensity of the 
illumination increased. More interesting was the 
finding that illumination from the houselight, 
interpolated in the retention interval, resulted in 
more disruption in matching accuracy than either 
colored or striped stimuli. This indicated that it was 
the level of illumination per se that produced 
disruption. Maki, Moe, and Bierley (1977) also showed 
that retention interval illumination disrupts pigeons' 
performance regardless of whether the events to be 
remembered are stimuli, responses, or reinforcers. 
Roberts and Grant (1978) carried out an experiment 
designed to explore the extent to which varying lengths 
of exposure to the houselight in the retention interval 
would produce a decrement in delayed matching 
accuracy. The results indicated that the houselight 
on condition produced a significant decrease in 
accuracy as compared to the dark condition. The 
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authors referred to this effect as light-induced 
retroactive inhibition, since sources of illumination 
appear to inhibit the accuracy to which the pigeon can 
match the sample stimulus that precedes the 
illumination. 
EXPLANATIONS OF RETENTION INTERVAL ILLUMINATION EFFECTS. 
In attempting to offer a theoretical basis for the 
powerful effect of retention interval illumination, 
several hypotheses have been offerred in the primate 
and pigeon literature. Etkin (1972) suggested that 
illumination during the retention interval may cause 
the monkeys to become more active and that this may 
lead to poorer performance when the monkey is required 
to remember the sample stimulus. However, this 
hypothesis was disconfirmed as no difference was found 
in the activity of the monkeys in the darkened 
retention interval or in the illuminated retention 
interval. In addition, Jarrard and Moise (1970) 
reported no difference in performance when allowing 
monkeys to freely move around during the retention 
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interval or restraining their movements by strapping 
them down in a primate chair. 
Temporal Discrimination Theory. According to 
D'Amato (1973) and Worsham (1975), failure of a 
temporal discrimination can explain both forgetting 
over long retention intervals and the effect of 
interpolated illumination in monkeys. Temporal 
discrimination theory suggests that after several DMTS 
trials, animals find it difficult to discriminate 
between the two comparison stimuli on the basis of 
which was most recently seen as the sample. As the 
retention interval on any trial increases, the ratio of 
the length of time since the incorrect and correct 
comparison stimuli were experienced as samples 
decreases and the temporal discrimination becomes more 
difficult. It has been suggested (D'Amato, 1973) that 
filling the retention interval with light causes it to 
be "experienced" as a longer period of time than would 
be the case if it were darkened. Since the temporal 
discrimination ratio would be made smaller, the recency 
of the sample stimulus would be more difficult to judge 
on illuminated trials than on dark trials. 
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Perceptual Theories. Two other hypotheses have 
been advanced and, like the temporal discrimination 
hypothesis, each assumes that the light has no effect 
on the memory trace, but that errors are due to other 
processes. A perceptual attenuation hypothesis 
suggests that the presentation of an illuminated 
retention interval temporarily attenuates the animal's 
perception of the comparison stimuli and makes 
discrimination of stimuli more difficult than would be 
the case if darkness had occupied the retention 
interval. An alternative to the perceptual 
attentuation hypothesis is that a brief period of 
light, such as retention interval illumination, alters 
the appearance of the comparison stimuli, relative to 
their appearance following a darkened retention 
interval. This explanation has been referred to as a 
perceptual alteration hypothesis. Both of these 
explanations, perceptual attentuation and perceptual 
alteration, have since been discounted on the basis of 
experiments conducted by Roberts and Grant (1978). 
The remaining theories have tried to account for 
the effect of retention interval illumination by 
adopting the position that the illumination acts to 
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produce a loss of the sample memory trace and thus, 
these explanations have been called memory loss 
theories. 
Trace Strength Theory. Roberts and Grant (1978) 
have developed a trace strength (sometimes referred to 
as trace decay) theory which proposes that a stimulus 
event is stored as an internal representation, referred 
to as a memory trace. The strength of the memory trace 
increases as a direct function of sample duration and 
indirectly decreases as a function of retention 
interval. Implicit in this model is that the 
probability of a correct choice on a DMTS trial is 
directly related to the trace strength of the sample 
stimulus. When illumination fills the interval, the 
explanation is that the light somehow impairs the 
complete processing of the sample that would have taken 
place in the darkened retention interval and 
consequently the longer the retention interval the 
greater the probability of remembering less and less of 
the sample. 
Modified Memory Loss Hypothesis. Tranberg and 
Rilling (1980) and Cook (1980) have criticized the 
procedural characteristics of numerous studies in 
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obtaining the retroactive inhibition effect and have 
conducted experiments with pigeons to show that 
illumination per se during retention intervals does not 
interfere with pigeon short-term memory. Rather, a 
change in retention interval illumination relative to 
the baseline appears to be the source of this 
interference effect in pigeons. Tranberg and Rilling 
critically point out that in most, if not all, studies 
dealing with retention interval illumination effects, 
it was the case that during acquisition of DMTS and/or 
during DMTS training prior to any manipulation, the 
retention interval was always spent in darkness. The 
independent variable always involved an increase in 
illumination. In order to assess the effects of prior 
baseline conditions, Tranberg and Rilling trained half 
of their birds with a dark retention interval and the 
other half with illumination in the retention interval. 
The pigeons gradually acquired a successive DMTS task 
with retention intervals ranging from 2.5 to 7 sec. 
Test sessions were conducted in which retention 
interval illumination conditions were manipulated from 
those that prevailed during training. The results of 
the study showed that, compared to baseline 
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conditions, changing conditions disrupted matching 
performance. 
Tranberg and Rilling's (1980) findings present 
difficulties for temporal discrimination and trace 
decay theories. Their results run contrary to the 
commonly accepted conclusion that increases in 
retention interval illumination result in retroactive 
inhibition and very poor matching performance. 
Tranberg and Rilling argue that their results do not 
indicate that this commonly held conclusion is wrong, 
but rather that it is merely incomplete. They advocate 
a modified memory loss hypothesis to account for their 
data. This hypothesis states that the amount of memory 
loss is a monotonically increasing function of the 
amount of change in the level of illumination during 
the retention interval relative to the training 
condition, whether that change involves an increase or 
a decrease in the illumination. This interpretation 
specifies that change in illumination conditions is the 
important mechanism which is responsible for the memory 
loss. However, as the authors point out, this would 
follow, for example, if one makes the assumption that 
memory for a sample stimulus may be maintained in 
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memory throughout the retention interval via a 
rehearsal process. Then the introduction of unexpected 
change in illumination conditions would disrupt this 
rehearsal process and lead to a loss of memory. 
Terry and Wagner (1975) incorporated a rehearsal 
mechanism that could be used to expand trace strength 
theory by suggesting that animals rehearse the events 
of a preceding trial and that the extent of learning is 
directly related to the amount of rehearsal. To 
account for the disruption in performance, the 
suggestion would be that the change from the baseline 
condition during the retention interval disrupts the 
rehearsal of the sample, and therefore results in lower 
performance. 
PROACTIVE INTERFERENCE EFFECTS. 
Proactive Interference In DMTS. In contrast to 
studies of retroactive interference, in which effects 
are attributed to the manipulation of events in the 
retention interval, studies of proactive interference 
deal with the effects due to the presentation of events 
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prior to the presentation of the sample stimulus. 
These studies in humans typically involve a control 
group that learns only list B and an experimental group 
that learns list A prior to list B. Both groups are 
then tested on list B at some later point in time. 
Typically poorer performance is evident in the 
experimental condition (Loess, 1964). There is 
evidence of proactive inhibition from studies dealing 
with long term memory (LTM) in rats (Spear, 1971) and 
also in pigeons (Burr § Thomas, 1972). In both 
studies, the subjects were randomly divided into 
several groups, with some groups performing only one 
memory task and other groups performing two related 
memory tasks. When all groups were tested on the 
common memory test, it was found that the groups which 
performed only one memory task scored higher than the 
groups which performed two memory tests. It was 
suggested that the buildup of proactive inhibition in 
the groups performing two memory tasks could account 
for the lowered performance. 
Grant and Roberts (1973) argued that based on the 
studies dealing with the effects of prior learning on 
LTM, one might expect that short-terra forgetting could 
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also be affected by the presence or absence of prior 
learning. They designed a study in which pigeons were 
trained on a DMTS task. There were two conditions. In 
the experimental condition, two sample stimuli, SI and 
S2, were presented in immediate succession on the 
center key. Following a retention interval after the 
termination of S2, SI and S2 were presented 
simultaneously on the side keys with the choice of S2 
reinforced. In the control condition, the procedure 
was identical except that only one sample stimulus, S2, 
was presented at the start of the trial. The results 
indicated that the control condition was superior to 
the experimental condition and the authors interpreted 
this as suggesting that the presentation of SI 
interfered with choice of S2 at the time of test. 
Zentall and Hogan (1974) also examined the effects 
of proactive inhibition in pigeon STM. In one 
experiment, after the birds had attained stable 
performance (5 consecutive days at 90% or better) with 
a DMTS procedure, they were introduced to a trial that 
began with the presentation of the same sample stimulus 
that had appeared on the previous trial. Five 
responses terminated the sample and introduced the 
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retention intervals, either 0 sec or 5 sec. This was 
followed by the comparison stimuli. Zentall and Hogan 
referred to these as proactive inhibition trials and 
performance on these trials was worse relative to 
control trials where no interfering stimulus was 
presented. They designed another experiment to 
determine if the prior presentation of the incorrect 
comparison stimulus from the preceding trial would 
result in more disruption in performance than 
presenting the sample of the preceeding trial. The 
results indicated that performance was much worse when 
the preceeding incorrect comparison stimulus was 
presented, than when the preceeding sample was 
presented leading Zentall and Hogan to conclude that 
there existed proactive inhibition effects, as defined 
by the disruption in matching performance produced by 
the presentation of a stimulus prior to the 
presentation of the sample stimulus (relative to 
control trials without the prior stimulus 
presentation). 
However Grant (1975) has argued that the type of 
performance deficit obtained in some STM proactive 
inhibition studies with animals (Grant § Roberts, 1973; 
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Zentall § Hogan, 1974) is quite different from the 
reported performance deficit in some LTM proactive 
interference studies with non-humans (Burr § Thomas, 
1972; Spear, 1971) and humans (Loess, 1964; Keppel § 
Underwood, 1962). In a pigeon DMTS procedure, the 
interfering event was presented on the same trial as 
the to-be-remembered stimulus. This is regarded as an 
intratrial interference paradigm. But in studies of 
LTM proactive effects in both humans and non-humans, 
the interfering event consisted of one or more complete 
trials of learning, an intertrial interference 
paradigm. 
Therefore Grant employed a pigeon STM interference 
paradigm in which a complete DMTS trial was used as the 
interfering event. In the interference condition, two 
trials, Tl and T2, were presented in immediate 
succession, with the correct and incorrect color 
stimuli on Tl reversed on T2. In the control 
condition, Tl was not presented and T2 trials occurred 
in isolation. Grant speculated that one of two things 
would happen in this experiment. Either there would be 
a general lowering of performance on T2 as a result of 
Tl (an effect similar to that of SI in the intratrial 
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procedure); meaning equally poorer performance at all 
retention intervals, or Tl would increase the rate of 
forgetting on T2, (the slope of the decrement as a 
function of retention interval increasing), thereby 
producing a retention deficit attributable to prior 
learning. Grant presented Tl either one, four, or six 
times before presenting T2. These conditions were 
labelled IP, 4P, and 6P respectively. The results 
revealed that an interference effect was obtained in 
the 4P and 6P conditions but not in the IP condition. 
Grant concluded that the type of interference obtained 
in the intratrial paradigm is different from the 
interference effect obtained in the intertrial 
paradigm. In the intratrial paradigm, the prior 
presentation of SI produced a general lowering of 
performance, but did not affect the rate at which S2 
was forgotten. In the intertrial paradigm, however, 
the prior presentation of Tl increased the rate of 
forgetting on T2 as indicated by the forgetting curves 
presented by Grant. Under the intertrial paradigm, 
according to Grant, it is possible to attribute a 
retention deficit to prior learning in pigeon STM. 
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EXPLANATIONS OF PROACTIVE INTERFERENCE EFFECTS. 
Temporal Discrimination Theory. The temporal 
discrimination theory (D'Amato, 1973) described earlier 
suggests that the identity of the sample stimulus is 
not lost or retained but rather the temporal order of 
recently seen stimuli is lost such that the animal 
cannot remember which of the most recently seen sample 
stimuli was presented last. According to the temporal 
discrimination theory, performance is a function of 
both the temporal separation of competing stimuli (the 
longer the temporal separation between two recently 
seen stimuli, the more discriminable the temporal order 
of those stimuli) and the retention interval (the 
longer the retention interval, the less discriminable 
the temporal order of two recently seen stimuli). 
Worsham (1975), using a temporal discrimination 
framework, predicted that the ability of a monkey to 
discriminate between correct and incorrect comparison 
stimuli should not only be a function of the length of 
the retention interval, but should also depend on the 
sequencing of the sample stimuli presentations. 
According to Worsham (1975) if the incorrect comparison 
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of the previous trial had not appeared as the sample 
for several trials, the correct discrimination would be 
more likely (easy trials) than if the sample of the 
previous trial appeared as the current incorrect 
comparison stimulus (hard trials). The results 
confirmed the prediction and also demonstrated the 
effectiveness of sample stimuli sequences as a critical 
variable in DMTS with monkeys. Worsham (1975) 
concluded that the decreased performance found with the 
hard trial sequences was related to a build-up of 
proactive inhibition, suggesting events of the previous 
trial interfere with events of the current trial. 
Trace Theory and Theory of Independence and 
Competition. The trace strength theory holds that 
stimulus information is stored internally, via a memory 
trace. The longer the sample is observed, the stronger 
the memory trace, but the longer the retention 
interval, the weaker the memory trace (Roberts, 1972). 
The trace theory was extended to include an explanation 
for proactive interference effects by incorporating an 
independence and competition component. The 
independence and competition theory assumes that 
successive presentations of sample stimuli are 
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represented as separate and independent memory traces. 
Further, it is assumed that proactive interference 
effects are the result of competition between the two 
conflicting memories traces at the time of the memory 
test. Finally, "the degree to which the first trace 
competes for dominance with the second trace is 
dependent on the degree to which the strength of the 
first trace overlaps or exceeds the strength of the 
second trace. Thus, the greater the overlap between 
the trace strength distributions of the two conflicting 
memories, the greater the proactive interference at the 
time of test" (Grant, 1975, p- 218). 
Reynolds and Medin (1979) designed a study which 
attempted to pit temporal discrimination theory against 
trace, independence, and competition theories. Even 
though the opposing theories make similar predictions 
regarding the effects of sample duration time, length 
of retention interval, and retention interval 
illumination, Reynolds and Medin argued that the 
difference between their underlying mechanisms 
suggested a means of contrasting them. If sample A is 
presented followed by sample B and, after a retention 
interval, choices A and B are presented with A being 
Pigeon Short-Term Memory 
52 
always correct and reinforced, the independence and 
competition theory would predict that, if A and B are 
presented for the same length of time, the strength of 
A would be less than or equal to that of B, when it 
comes time to choose either A or B. It follows then 
that performance should not exceed chance. Temporal 
discrimination theory, in contrast, would predict that 
since the task is one of making a discrimination, it 
should be arbitrary whether the first or second sample 
stimulus is selected in order to receive the 
reinforcement. Performance with practice should exceed 
chance, since the animal should learn which of the 
experimental contingencies will result in reward. 
Given these predictions, Reynolds and Medin gave 
four pigtailed monkeys experience with a DMTS 
procedure. When the monkeys had achieved stable 
performance, intermixed among the trial types now was a 
proactive inhibition condition, where the second sample 
stimulus, either A or B, was tested against a third 
sample C, in comparison to a control trials where 
sample C was absent. The results supported the 
independence and competition theory. Overall 
performance remained at chance levels even following 
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extended practice with the task: Still the monkeys 
could not learn to respond to comparison stimulus A. 
Surprisingly, the proactive inhibition trials were no 
more difficult than the control trials leading one to 
perhaps suggest that this basic empirical failure to 
show proactive inhibition would limit the theoretical 
importance of the test. Perhaps methodological 
discrepancies between conditions may have lead to the 
obtained results. 
Differential Processing Theory. Roberts (1980) has 
recently emphasized that performance with a DMTS task 
with either monkeys or pigeons may be affected by the 
remembering and forgetting of memories established on 
preceding trials, such as sample stimuli, comparison 
stimuli, the position of the comparison stimuli, and 
whether reinforcement occurred. Primate studies with 
DMTS have revealed that performance deteriorates as the 
number of sample stimuli decreases (Worsham, 1975; 
D'Amato, 1973). Roberts argued, therefore, that 
proactive inhibition could result from a failure to 
make a temporal discrimination, or from direct 
competition between conflicting memories. However for 
learning situations that involve the same reinforcement 
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contingencies on successive trials, such as simple 
discrimination learning, the presentation of the same 
sample stimulus on every trial of a daily session would 
benefit performance more following a short intertrial 
interval than following a long intertrial interval. 
Based on this notion, Roberts (1980) exposed pigeons to 
trials in which the same sample stimulus was presented 
over a session (homogeneous trials), or they received 
the usual DMTS sequences (random trials). (the usual 
DMTS trial). The other manipulation set the ITI 
duration at either 1 sec or 20 sec, alternating between 
days. The results showed a typical effect of ITI 
duration, in that performance was better at 20 sec than 
at 1 sec for the random trials, but surprisingly, this 
effect also held true for the homogeneous trials. 
Roberts concluded that the critical factors in 
explaining ITI duration effects were the events that 
could take place on any one trial, such as position of 
comparison stimuli whether the trial was reinforced, 
and the nature of the stimuli. The retention of those 
events on the next trial would directly affect 
performance. This could be labelled a differential 
processing hypothesis, since the study revealed that 
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when a pigeon encountered trial n, the processing of 
the sample depended partly on what the bird was 
required to process on trial n-1. Thus sequences of 
similar or different trial stimuli may cause the bird 
to process the sample stimuli differentially. 
EFFECTS OF ILLUMINATION AND INTERTRIAL INTERVAL DURATION. 
Santi and Grossi (in press) examined the effects of 
houselight illumination and ITI duration on pigeon STM. 
They undertook this study as a result of considering 
two well known findings with respect to pigeon STM. 
First, a number of studies have demonstrated that 
illumination during the retention interval of a DMTS 
procedure interferes with the memory of the sample 
stimulus (Grant, 1975; Maki et al., 1977). However, 
Tranberg and Rilling (1980) and Cook (1980) have shown 
that a change from the baseline retention interval 
condition appears to be the critical factor. Second, 
with increasing ITI duration in a DMTS procedure, 
performance is higher at long ITI durations than at 
short ITI durations (Grant, 1975; Nelson § Wasserman, 
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1978). Proactive inhibition presumably declines at the 
longer ITI's, as a result of competing memories from 
previous trials being forgotten. Santi and Grossi 
tested pigeons at ITI durations of 1, 5, 15, and 25 
sec, under both darkened and illuminated conditions. 
Employing the successive DMTS procedure, testing began 
immediately after all birds received 25 training 
sessions with a 15 sec illuminated ITI. 
Both the temporal discrimination theory and the 
trace decay theory predict that increasing the ITI 
would facilitate performance, in the former case by 
facilitating the temporal discrimination through making 
the previous sample stimulus to comparison interval 
long relative to the current sample stimulus to 
comparison stimulus interval, and in the latter by 
allowing more time for competing stimulus traces to 
decay. Presumably, errors in DMTS occur at least 
partly because pigeons respond to the comparison 
stimuli of the current trial, on the basis of stimulus 
events presented on previous trials, rather than the 
sample stimulus presented on the current trial. 
Therefore based on the results of Tranberg and Rilling 
(1980), Santi and Grossi predicted that performance 
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would be superior in the dark condition at the shortest 
ITI duration, since a dark ITI would constitute a 
change from baseline training conditions. 
The authors reported that performance was better in 
the dark than in the light, but surprisingly 
performance was found to be better at the shorter ITI 
durations than at the longest ITI duration. The 
analysis revealed a significant effect for illumination 
and ITI , but not for the interaction of illumination 
and ITI. Paired comparisons for each level of ITI 
duration revealed a significant difference between the 
mean discrimination index at a 25 sec ITI and the mean 
discrimination index at each of the other durations (1, 
5 and 15 sec). The latter three levels of ITI duration 
were found not to differ among themselves. The mean 
number of match and non-match comparison responses were 
analyzed and it was discovered that changes in 
performance as a function of illumination and ITI 
duration were due to increased responding on non-match 
trials exclusively. A final analysis performed on the 
number of responses made to the sample stimulus 
revealed significantly more responses to the sample 
following dark ITI's than light ITI's. 
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The difference in results obtained between the 
Nelson and Wasserman (1978) and the Santi and Grossi 
(in press) studies suggests that a closer examination 
of procedural similarities and dissimilarities may be 
warranted. Santi and Grossi employed a constant 1 sec 
retention interval throughout training and testing, 
while Nelson and Wasserman varied several retention 
intervals within a session. However a more plausible 
explanation for the differences obtained between the 
two studies is that Santi and Grossi made use of a 
warning light, while Nelson and Wasserman did not. The 
birds in the Nelson and Wasserman study were initially 
trained with a 25 sec ITI. During this initial 
training, it was possible that the birds developed 
behavior patterns that precluded the bird from viewing 
the response key until late in the ITI. Consequently 
when tested at the shorter ITI's, they would not have 
started to process the sample until it had been on for 
some time. Even though a single peck was needed to 
terminate the sample, the amount of processing at the 
various ITI's could have varied, because the animal was 
not noticing the onset of the sample stimulus as 
frequently as it could if a warning light was employed. 
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The inconsistency in results between the two 
studies certainly suggests that further research is 
necessary in order to determine whether or not 
proactive effects are possible in a successive DMTS 
procedure. If a subsequent study replicated the 
results obtained by Santi and Grossi (in press) and in 
addition revealed other important findings to cast 
doubt on the findings obtained by Nelson and Wasserman 
(1978), then it could seriously be argued that 
proactive interference effects may not be possible in a 
successive DMTS procedure. 
MAIN EXPERIMENT. 
The present research re-examined the effects of 
illumination and ITI duration in pigeon STM. However, 
before the introduction of these variables, an attempt 
was made to examine what conditions are necessary for 
producing stable behavior (as defined by a set of 
criteria) in a successive DMTS procedure. Stability 
across birds could be achieved by manipulating one or 
more temporal parameters of a successive DMTS 
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procedure. For example, sample exposure duration could 
be manipulated so that each bird is performing at a 
predetermined level with a certain amount of exposure 
to the sample stimulus. Another and perhaps more 
meaningful way, since it has been used previously by 
other researchers, is to manipulate the retention 
interval. Zentall and Hogan (1977) demonstrated that a 
task becomes increasingly more difficult as the 
retention interval is lengthened. The idea would be to 
manipulate the retention interval individually until 
all birds are performing at a comparable level. The 
reason behind this manipulation is that the memory 
trace strength of the sample should be a direct 
function of the length of the retention interval. 
Manipulating the retention interval individually would 
ensure that each bird is performing at equal difficulty 
with the successive DMTS procedure. 
In assessing performance, the present research made 
use of additional measures besides discrimination 
indices. Other measures included latency to the 
warning stimulus, latency to the different comparison 
stimuli, the number of trials that no responses were 
made to the different comparison stimuli, and an 
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examination of the effects of the previous trial on the 
current trial for any possible carryover effects that 
could interfere with or facilitate performance on the 
current trial. 
Method 
Subjects. Six White Carneaux pigeons, maintained 
at 80% + 15 grams of their ad libitum weight and housed 
individually with constant access to grit and water, 
served as subjects. All subjects had previous 
experience with a successive DMTS procedure (Santi § 
Grossi, in press). 
Apparatus. The apparatus consisted of four 
Colbourn modular operant test cages (Model* E 10-10) 
housed individually in isolation cubicles (Model* E 
10-20), each fully equipped with a ventilation fan, 
baffled air intakes, and a complete exhaust system. 
Each operant chamber was equipped with 3 clear plastic 
pecking keys. Behind each of the keys was attached IDD 
projectors which displayed the visual stimuli (warning 
light- a black dot on a white background, green and red 
discs). Only the center key was used in the present 
experiment. Below the center key was a 7.20 cm square 
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opening which provided access to a food hopper that was 
filled with mixed grain. A houselight (GE # 1819) 
located directly above the center key provided general 
illumination in the operant chamber. Reinforcement, 
stimulus presentation, trial randomization, and data 
collection were arranged and recorded by a 
microcomputer system based on a Motorola 6800 
microprocessor. 
General Procedure. After the completion of the 
Santi and Grossi (in press) study, the six birds were 
immediately returned to training with a successive DMTS 
procedure. Each trial began with a warning light 
presented on the center key. A peck to it produced 
either a red or green sample stimulus that remained on 
for 5 sec and terminated independent of responding. 
The retention interval followed and, regardless of its 
length, was always spent in the dark. Immediately 
after the retention interval terminated, the comparison 
stimulus, either a red or green disc, followed and 
stayed on for 5 sec. Four types of trials were 
possible: Red-Red, Green-Green, Red-Green, and 
Green-Red. If the comparison stimulus matched the 
sample stimulus (as the case in the first two trial 
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types), the first peck to it after 5 sec had elapsed 
produced the reinforcer, which consisted of 4 sec 
access to mixed grain. If the comparison stimulus did 
not match the sample stimulus (trial types 3 § 4), the 
comparison terminated after 5 sec and was followed by a 
4 sec blackout in which all illumination in the chamber 
was extinguished. Following either reinforcement or 
blackout, a 15 sec illuminated ITI (the source of 
illumination being the houselight) occurred. Each 
daily session consisted of 72 trials, divided equally 
between match and non-match trials with each trial type 
occurring equally often. 
Dependent Measures. The primary measure, a 
discrimination index, was calculated for each bird by 
dividing the total number of responses made to the 
match comparison stimuli by the total number of 
responses made to both the match and non-match 
comparison stimuli in each session. This ratio was 
then multiplied by 100. An index of 100% indicates no 
responding to non-match comparison stimuli, while an 
index of 50% indicates the same number of responses to 
match and non-match comparison stimuli. 
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Published studies using a successive DMTS procedure 
have only reported the results in terms of the 
discrimination index. If a successive DMTS procedure 
is to be considered just as useful as the DMTS for 
investigating animal memory, then it is vital to 
examine additional measures besides discrimination 
indices in order to determine the mechanisms that 
control a pigeon's behavior. Therefore the present 
research made use of four additional dependent 
measures. 
The second dependent measure was the latency for a 
bird to peck the warning light following the ITI. This 
measure was examined for several reasons. It was 
stated earlier that Nelson and Wasserman did not report 
any latency measures nor did they observe the birds 
systematically so it is difficult to know if in fact 
the birds were developing any interim behavior patterns 
during the ITI. If there is a buildup of proactive 
inhibition between trials, and there is more buildup of 
PI following short ITI durations, then one might 
predict that the latency to the warning stimulus 
following a short ITI duration should be longer than 
when following a long ITI duration, since PI should 
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dissipate more completely as the duration between 
trials is lengthened. An interesting possibility to 
account for why Santi and Grossi failed to obtain 
proactive inhibition is that the birds were waiting for 
a longer period of time following a short ITI to peck 
at the warning light than following a long ITI. If 
there was a differential waiting period across the 
different ITI durations, it would not have been 
detected by simply calculating discrimination indices. 
The third measure was the latency of the first peck 
to the comparison stimuli. If the birds have learned 
that the match comparison stimuli lead to reinforcement 
while the non-match comparison stimuli do not, it is 
expected that latency to respond to match comparison 
stimuli should be shorter than latency to non-match 
comparison stimuli. 
The fourth measure involved the total number of 
match and non-match trials on which one or more pecks 
was recorded and the total number of match and 
non-match trials on which a peck was not recorded. 
Obviously for an animal who is discriminating there 
should be more non-match trials than match trials on 
which no response occurs. 
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The fifth measure followed the notion that events 
from previous trials may interfere with events on 
subsequent trials. Roberts (1980) argued that most 
studies of DMTS involve many trials carried out within 
a session, and a factor that influences performance on 
any given trial could be memories established from 
previous trials carrying over to the current trial. 
Past events such as whether reinforcement was made 
available on the previous trial, or if the current 
trial presents the same or different comparison 
stimulus from that presented on the previous trial, may 
act to enhance or disrupt performance. The present 
research recorded the responses made to the sample and 
the comparison stimuli separately over individual 
trials in order that such conditional trial data be 
available. 
Retention Interval Manipulation. In an attempt to 
obtain comparable levels of performance across all six 
birds, the retention interval was manipulated for 96 
sessions. Stable performance was defined as the 
ability of an animal to maintain performance within the 
range of 75-90%, as determined by calculating 
discrimination indices for each bird. All birds were 
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given 22 sessions of successive DMTS with a 5 sec 
retention interval, 5 sessions with a 1 sec retention 
interval, 8 sessions with a 2 sec retention interval 
and 8 sessions with a 3 sec retention interval, 
respectively. At this point, individual refinement of 
retention intervals began. From this point on, if a 
bird had shown performance above 90% Tor three 
consecutive sessions, the retention interval was 
increased. If a bird, on the other hand, had shown 
performance below 75% for three consecutive sessions, 
the retention interval was decreased. The amount that 
the retention interval was increased or decreased 
depended on the level of a bird's increased or 
decreased performance. Table 1 shows that this 
individual refinement process continued for an 
additional 53 sessions and also shows the different 
retention intervals that were given. Altogether, this 
phase lasted until the 145th session, at which time a 
correction procedure was implemented. 
Implementation of a Correction Procedure. After 96 
sessions of retention interval refinement stable 
performance had yet to be attained in any of the six 
birds. In examining mean responses made to both match 
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Table 1 
Summary of retention interval manipulation condition (in sec). 
Common retention Individual retention 
interval shifts interval shifts 
51 5.0 1.0 2.0 3.0 - 3.02.01.51.41.0 
Sessions: 22 5 8 8 5 18 4 10 16 
52 5.01.02.03.0 4.03,53.63.43.0 
Sessions: 22 5 8 8 23 4 17 4 5 
53 5.01.02.03.0 3.02.52.0 
Sessions: 22 5 8 8 23 8 22 
54 5 . 0 1 . 0 2 . 0 3 . 0 3 . 0 2 . 0 1 . 5 1 . 6 1 . 4 1 . 0 . 7 
S e s s i o n s : 22 5 8 8 5 18 3 4 7 7 4 
55 5 . 0 1 . 0 2 . 0 3 . 0 3 . 0 2 . 5 2 . 4 2 . 0 1 . 0 . 5 . 2 
S e s s i o n s : 22 5 8 8 23 3 4 7 4 3 9 
56 5 . 0 1 . 0 2 . 0 3 . 0 4 . 0 3 . 5 3 . 6 3 . 0 2 . 5 
S e s s i o n s : 22 5 8 8 23 4 10 4 12 
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and non-match comparison stimuli, it was evident that 
when animals showed disruption in performance, it was 
almost always due to an increased response rate to the 
non-match comparison stimuli. In order to reduce the 
high number of responses made to the non-match 
comparisons, this phase of the present study 
implemented a correction procedure. 
In the more common DMTS paradigm researchers have 
made use of correction procedures to eliminate either a 
position bias (left or right side keys), or to 
eliminate a stimulus preference (Blough, 1959; Grant, 
1975). Usually the incorrect trial is repeated until 
the correct response is recorded. Repeating a complete 
trial has been referred to as an intertrial correction 
procedure, while repeating just the comparison stimuli 
is referred to as an intratrial correction procedure. 
Unfortunately, researchers employing a successive DMTS 
procedure (Nelson § Wasserman, 1978; Tranberg § 
Rilling, 1980) have either failed to document an 
appropriate procedure or simply have not needed to make 
use of one. It would surely benefit further research 
in this area if a correction procedure for a successive 
DMTS procedure could be documented. 
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The correction procedure employed in this phase of 
the present research followed an intertrial approach. 
The emphasis was on decreasing the number of responses 
made to the non-match comparison stimuli. If an animal 
emitted a response within the time that the non-match 
comparison stimulus was on, that trial would be 
repeated immediately following the 4 sec black-out, 
beginning with the presentation of the warning light. 
If the bird refrained from pecking the non-match 
comparison stimulus for a period of 5 sec, the next 
trial would occur, following the ITI. It should be 
noted that the retention interval was still being 
refined for each of the six birds. When a bird's 
performance had been above 75% for five consecutive 
days the correction procedure was removed. All six 
birds managed to show performance at or above criterion 
with a difference of 32 days between the first bird and 
the last bird finishing. Subjects 1, 2, 3, 4, 5, and 6 
required 11, 7, 38, 30, 6, and 15 sessions, 
respectively, before the correction procedure was 
removed. 
Baseline Training Condition. In this phase, the 
birds were returned to the common baseline condition 
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that had been used for training. The retention 
intervals were still being refined individually. Each 
bird's performance was assessed across a block of six 
baseline sessions. If performance was above 75% on 
five of the six sessions and disruption of performance 
(if any) occurred no later than the fourth session, 
performance was considered stable and testing began. 
This baseline phase took 45 sessions in order for all 
birds to meet the criterion. Subjects 1, 2, 3, 4, 5, 
and 6 required 13, 45, 12, 9, 6, and 30 sessions 
respectively, with the baseline condition. The final 
retention intervals for subjects 1, 2, 3, 4, 5, and 6 
were .9 sec, .5 sec, 1.5 sec, .6 sec, .2 sec, and 2.0 
sec, respectively. 
Testing Illumination and ITI Duration. Testing 
began as each animal reached the specified baseline 
criterion. A baseline session occurred after each 
testing session. This assured that each test condition 
was examined against a common baseline session. The 
majority of researchers in this area have typically 
changed the variables under examination between 
sessions. It could be possible that the between 
session manipulation does not properly control for any 
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possible carryover effects from the immediately 
preceding test session. By inserting a common baseline 
between each test session, it at least reduces the 
possibility of any interference arising from the 
immediately preceding test session. 
Testing was carried out in 2 blocks of 16 days. 
Within each block were 8 treatment conditions, 
resulting from the factorial combination of 
illumination condition (dark, light) and intertrial 
interval duration (1, 5, 10, and 25 sec). Sequence of 
testing was randomized individually for each bird, with 
both of the independent variables being given once for 
any session. Thus they were manipulated between 
sessions. The other 8 days within each block were the 
result of the baseline condition intervening between 
each pair of test sessions. Testing lasted a total of 
32 days for each of the six birds. Except for changes 
in illumination and ITI duration, all other aspects of 
a test session were identical to those described for 
the baseline training sessions. 
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Results 
Retention Interval Manipulation Condition. Figure 
1A shows averaged discrimination indices for each bird 
during which retention intervals were manipulated in a 
similar fashion for all birds. As is apparent, poorest 
performance for all birds occurred with a retention 
interval of 5 sec. The 1, 2, and 3 sec durations did 
not show any consistent trend across birds, other than 
better performance than 5 sec. 
Figures IB and 1C show mean response rates per sec 
to the match and non-match comparison stimuli, 
respectively, as a function of retention interval. The 
birds consistently showed a increase in responding to 
the non-match comparison stimuli with a 5 sec retention 
interval. It seems evident that the poor performance 
shown with a retention interval of 5 sec can be 
accounted for by the increased rate of responding to 
the non-match comparison stimuli, rather than a reduced 
rate of responding to the match comparison stimuli. 
Correction Procedure Condition and Baseline 
Training Condition. Figure 2 shows discrimination 
indices for the retention interval condition, the 
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Figure 1 (A). Mean discrimination indices for each bird at 
retention intervals of 1, 2, 3, and 5 sec. 
Figure 1 (B). Mean response rate per sec to the match 
comparison stimuli for each bird at retention intervals 
of 1, 2, 3, and 5 sec. 
Figure 1 (C). Mean response rate per sec to the non-match 
comparison stimuli for each bird at retention intervals of 
1, 2, 3, and 5 sec. 
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correction procedure condition, and the baseline 
training condition during the final 5 sessions in each 
condition for each bird individually. Comparing the 
correction procedure condition and the baseline 
training condition with the retention interval 
manipulation condition, two rather consistent trends 
emerge. Performance is generally higher and more 
stable during the correction procedure condition and 
the baseline training condition than during the 
retention interval manipulation condition for SI, S3, 
and S6. This can be accounted for by two mechanisms. 
For some animals there was a lowering of responses 
emitted to the non-match comparison stimuli, while 
rates to the match comparison stimuli remained 
unchanged. For other animals there was no change in 
rates to the non-match comparison stimuli, but there 
was an increase in responses emitted to the match 
comparison stimuli. 
Table 2 shows mean latency (in sec) to peck the 
warning stimulus across the first three conditions of 
the present research. It is difficult to observe any 
consistency throughout these phases across all 
subjects, but it generally appears that latency 
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Figure 2. Mean discrimination indices for each 
bird during the last five sessions of the retention 
interval manipulation condition, the correction 
procedure condition, and the baseline training 
condition. 
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Table 2 
Mean latency (in sec) to the warning stimulus for retention interval 
manipulation condition, correction procedure condition, and baseline 
training condition. 
(Standard deviation in brackets). 
Subjects Retention Correction Baseline 
Interval Procedure Training 
SI 1.01 (.15) 1.03 (.33) .92 (.38) 
S2 22.72 (10.76) 24.44 (3.88) 19.10 (8.73) 
S3 1.41 (.25) 1.89 (.98) 1.57 (.29) 
S4 2.33 (.19) 1.89 (.54) 1.81 (.22) 
S5 1.33 (.23) 2.77 (1.34) 1.61 (.71) 
S6 .55 (.06) .46 (.03) .50 (.06) 
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decreases in the baseline training condition as 
compared to the correction procedure condition and to a 
lesser extent decreases in the correction procedure 
condition as compared to retention interval 
manipulation condition. 
Table 3 presents mean latency (in sec) to peck 
match and non-match comparison stimuli for the 
correction procedure condition and the baseline 
training condition, (this measure was not available for 
the retention interval manipulation condition). It is 
quite evident that all birds responded faster to the 
match comparison stimuli and this held true for both 
conditions. This observation could suggest that the 
birds had firmly established differential reward 
expectancies to the different comparison stimuli. 
Tables 4 and 5 present trial type sequence 
analysis. That is, given that the previous trial was 
either a match or non-match trial, did the birds show 
any differential responding on the current trial, to 
sample and comparison separately. As is apparent in 
Table 4, all birds, except S2 in the baseline training 
condition, responded more to the sample of the current 
trial, when the previous trial had been a match than 
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Table 3 
Mean latency (in sec) to peck match and non-match comparison stimuli 
for the correction procedure condition and the baseline training 
condition. (Standard deviation in brackets). 
Subjects 
SI 
S2 
S3 
S4 
S5 
S6 
Phase 
Correction 
Baseline 
Correction 
Baseline 
Correction 
Baseline 
Correction 
Baseline 
Correction 
Baseline 
Correction 
Baseline 
Match 
Comparisons 
1.23 
.74 
4.49 
4.34 
.21 
.17 
2.97 
2.90 
.20 
.16 
2.55 
3.12 
(.30) 
(.15) 
(.26) 
(.22) 
(.18) 
(.07) 
(.57) 
(.76) 
(.00) 
(.05) 
(.21) 
(.50) 
Non-Match 
Compar 
2.88 
2.88 
4.82 
4.61 
.96 
1.19 
4.32 
4.40 
1.30 
.59 
3.80 
4.65 
isons 
(.22) 
(.22) 
(.05) 
(.23) 
(.44) 
(.51) 
(.35) 
(.29) 
(.00) 
(.17) 
(.68) 
(.27) 
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Table 4 
Mean responses per sec to sample stimuli of the current trial 
when the previous trial was either a match or non-match. 
(Standard deviation in brackets). 
Previous Trial 
Subjects Phase Match 
Previous Trial 
Non-Match 
SI 
S2 
S3 
S4 
S5 
S6 
Correction 
Baseline 
Correction 
Baseline 
Correction 
Baseline 
Correction 
Baseline 
Correction 
Baseline 
Correction 
Baseline 
.61 
.34 
.01 
.01 
.46 
.15 
.10 
.09 
.76 
1.11 
.17 
.14 
(.21) 
(.25) 
(.01) 
(.01) 
(.22) 
(.09) 
(.07) 
(.06) 
(.27) 
(.12) 
(.06) 
(.03) 
23 ( 
29 ( 
00 ( 
03 ( 
34 ( 
14 ( 
09 ( 
07 1 
62 1 
97 
15 
11 
:.06) 
M3) 
: .oo) 
:.o6) 
M 6 ) 
: . o s ) 
: . 0 2 ) 
: . o 7 ) 
: . 2 5 ) 
[.22) 
[.05) 
[.02) 
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Table 5 
Mean responses per sec to comparison stimuli of the current 
trial when the previous trial was either a match or non-match 
and when the current trial is either a match or non-match. 
Sut 
SI 
S2 
S3 
S4 
S5 
S6 
ijects 
Phase 
Correction 
Baseline 
Correction 
Baseline 
Correction 
Baseline 
Correction 
Baseline 
Correction 
Baseline 
Correction 
Baseline 
Match 
4.99 ( 
5.24 ( 
.44 ( 
.49 ( 
4.71 ( 
5.95 ( 
2.38 ( 
1.92 ( 
2.13 ( 
3.10 ( 
2.51 ( 
1.27 ( 
Current Trial 
MATCH 
Previous Trial 
Non-Match Match 
NON-MATCH 
Non-Match 
.17) .42 (.17) 
.32) .56 (.22) 
.83) 3.83 (.45) 2.03 (1.89) 1.25 (.80) 
.11) 4.49 (.54) .82 (.60) 1.18 (.76) 
.07 (.04) .10 (.11) 
.17 (.20) .14 (.11) 
1.09) 4.01 (.91) .82 (.33) 1.88 (.64) 
1.11) 6.05 (.98) .62 (.34) .98 (.43) 
.33) 2.05 (.64) .24 (.11) 
1.03) 1.83 (.75) .59 (.34) 
.99) 2.52 (.53) 1.39 (1.62) 1.72 (2.59) 
.22) 3.13 (.60) .43 (.13) .38 (.06) 
.37 (.21) .36 (.15) 
.19 (.03) .29 (.14) 
.32 (.28) 
.75 (.39) 
.96) 1.69 (.87) 
.25) 1.03 (.09) 
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when the previous trial had been a non-match. This 
pattern held true across both conditions. In Table 5, 
all birds with the exception of S5, gave more responses 
while in the correction procedure condition to the 
current match comparison stimuli, when the previous 
trial had been a match trial, but this is not true for 
all the birds when the previous trial was a non-match. 
In the baseline training condition this effect does not 
seem to be as consistent for either match or non-match 
trials. 
Testing Condition. For all of the statistical 
analyses of the test data to be presented in this 
section, the rejection level was set at .05. 
Figure 3 shows discrimination indices for each of 
the two replications separately and collapsed across 
replications, as a function of illumination condition 
and ITI duration. As is apparent, there is little or 
no effect of illumination condition and ITI duration 
during the first replication. For the second 
replication, performance in the dark condition still 
appears to be quite similar at the four ITI durations, 
while for the light condition, poorest performance is 
at 25 sec. Overall, performance generally appears to 
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Figure 3. Mean discrimination indices as a function 
of illumination condition and ITI duration. 
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be lower in the light condition. An analysis of 
variance performed on these data included as factors: 
illumination condition, intertrial interval duration, 
blocks of test days (2 blocks of 16 days each), and 
subjects. A significant main effect was found only for 
the illumination condition, F(l, 5) = 8.33, MSe = 
63.81. This was the result of lower performance in the 
light condition. Significant interactions were found 
for replication X illumination condition, F(l, 5) = 
9.51, MSe = 44.64, and replication X illumination 
condition X ITI duration, F(3, 15) = 4.55, MSe = 38.34. 
A simple main effects analysis was performed on the 
three-way interaction. Significant effects of 
illumination condition were found at ITI durations of 
10 and 25 sec, but only for the second replication, 
F(l, 15) = 14.62, MSe = 38.34, and F(l, 15) = 27.95, 
MSe = 38.34, respectively. There was also a 
significant effect of replication at ITI durations of 
10 and 25 sec, but only in the light condition, F(l, 
15) = 12.80, MSe = 38.34, and F(l, 15) = 27.59, MSe = 
38.34, respectively. This resulted from the ITI 
durations of 10 and 25 sec in the light condition 
showing worse performance for the second replication. 
Pigeon Short-Term Memory 
85 
Finally, the effect of ITI duration was found to be 
significant in the light condition, but only for the 
second replication, F(3, 15) = 16.45, MSe = 38.34. To 
determine which ITI durations differed significantly, 
the Newman-Keuls multiple comparison test was conducted 
and revealed that the 25 sec duration was significantly 
different from the 1 sec and 5 sec durations. The 5 sec 
duration was found to be significantly different from 
the 1 sec and 10 sec durations. All other pairwise 
comparisons were not statistically significant. 
Figure 4 shows the mean number of responses per sec 
recorded for match and non-match comparison stimuli as 
a function of illumination condition and ITI duration. 
Note that there is an increase in response rates to the 
non-match comparisons at the 25 sec ITI duration in the 
light condition for the second replication. Separate 
analyses of variance were performed for match and 
non-match comparisons, with the same factors as in the 
previous analysis of variance. For match trials, the 
only significant effect was illumination condition, 
F(l, 5) • 7.66, MSe = .625. This was the result of the 
birds responding less to the match comparison when the 
ITI was spent in the light. None of the interactions 
were significant. 
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Figure 4. Mean response rate per sec to the match and 
the non-match comparison stimuli as a function of 
illumination condition and ITI duration. 
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For non-match trials, there was a significant 
effect of ITI duration, F(3, 15) = 4.50, MSe = .103. 
The interactions of replication X illumination 
condition, F(l, 5) = 7.19, MSe = .033, illumination 
condition X ITI duration, F(3, 15) = 3.76, MSe = .070, 
and replication X illumination condition X ITI 
duration, F(3, 15) = 4.26, MSe = .048, were 
significant. A simple main effects analysis was 
performed on the- three-way interaction and revealed 
several significant effects. The effect of 
illumination condition at the 25 sec ITI duration for 
the second replication was significant, F(l, 15) = 
31.50, MSe = .048. The effect of replication was 
significant at the 25 sec ITI duration in the light, 
F(l, 15) = 18.35, MSe = .048. The effect of ITI 
duration was significant in the light for the second 
replication, F(3, 15) = 17.60, MSe = .048. The 
Newman-Keuls test revealed that the response rate at 
the 25 sec ITI duration differed significantly from 
each of the other intervals. None of the remaining 
differences among means was significant. In summary, 
each of these effects was due to a statistically 
significant increase in response rates to the non-match 
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comparisons in the 25 sec illuminated ITI condition, 
during the second replication. 
Figure 5 shows the mean latency to peck match and 
non-match comparison stimuli, collapsed across 
replications, as a function of illumination condition 
and ITI duration. The trend generally is for shorter 
latencies on match trials as compared to non-match 
trials, in both illumination conditions. An analysis 
of variance was performed separately for match and 
non-match trials, (with similar factors as in the 
previous analysis of variance). A maximum latency of 5 
sec was assigned to a trial in which no response 
occurred to the comparison stimulus. For both match 
and non-match trials, the only significant effect found 
was for illumination condition, F(l, 5) = 6.04, MSe = 
.190, and F(l, 5) - 9.06, MSe = .065, respectively. 
This resulted from shorter latencies on the match 
trials following a darkened ITI duration, and shorter 
latencies on the non-match trials following an 
illuminated ITI duration. None of the interactions for 
match trials or non-match trials were found to be 
significant. An analysis was also carried out on the 
latency to peck match and non-match comparison stimuli, 
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Figure 5. Mean latency to the match and the non-match 
comparison stimuli as a function of illumination condition 
and ITI duration. 
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separately, on only those trials in which a response 
did occur to the comparison stimuli. The analysis 
(using similar factors as in the previous analysis) 
revealed no significant effects for either the match or 
the non-match comparisons. 
Figure 6 shows the mean percentage of trials during 
which no response was recorded to non-match comparisons 
for each replication separately, and also collapsed 
across replications, as a function of illumination 
condition and ITI duration. Also included is the mean 
percentage of trials during which no response was 
recorded to the match comparisons, collapsed across all 
test sessions (since replication did not interact 
significantly). An analysis of variance (with similar 
factors as in the previous analysis of variance) was 
performed separately on these data. For match trials, 
no significant effects were found nor were any of the 
interactions found to be significant. For non-match 
trials, there was a significant effect of illumination 
condition, F(l, 5) = 64.69, MSe - .541. The only 
significant interaction was replication X illumination 
condition X ITI duration, F(3, 15) = 3.87, MSe = 13.15. 
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Figure 6. Mean percentage of trials during which no response 
was recorded to the match and the non-match comparison stimuli 
as a function of illumination condition and ITI duration. 
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A simple main effects analysis revealed several 
significant effects. The effect of illumination 
condition was significant at the 1 sec ITI duration, 
but only for the first replication, F(l, 15) = 11.17, 
MSe = 13.15, and at the 25 sec ITI duration, but only 
for the second replication, F(l, 15) = 5.70, MSe = 
13.15. —IhJLs_ was the result of fewer trials with no 
responses at the 1 sec ITI duration in the light for 
the first replication, and fewer trials with no 
responses at the 25 sec ITI duration in the light for 
the second replication. This is further reflected in 
the significant effect of replication at the 1 sec ITI 
duration in the light, F(l, 15) = 6.90, MSe = 13.15, 
and at the 25 sec ITI duration in the light, F(l, 15) = 
5.33, MSe = 13.15. 
Figure 7 shows mean responses per sec to sample 
stimuli, collapsed across replications, as a function 
of illumination condition and ITI duration. It appears 
that more responses were given to the sample following 
an ITI duration spent in darkness than one spent in 
illumination and this pattern holds across all ITI 
durations, with the exception of the 1 sec ITI 
duration. An analysis of variance performed on these 
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Figure 7. Mean response rate per sec to the sample stimuli as 
a function of illumination condition and ITI duration. 
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data (with similar factors as in the previous analysis 
of variance) revealed a significant effect of 
illumination condition, F(l, 5) = 9.13 MSe = .206. The 
only significant interaction was illumination condition 
X ITI duration, F(3, 15) = 13.02, MSe = .037. 
A simple main effects analysis revealed a 
significant effect of illumination condition at the 10 
and 25 sec ITI durations, F(l, 15) = 14.97, MSe .037, 
and F(l, 15) = 70.81, MSe = .037, respectively, which 
was the result of a higher sample response rate 
following darkened ITI's than following illuminated 
ITI's. The effect of ITI duration was found to be 
significant in the dark, F(3,15) = 12.86, MSe = .037 
and in the light F(3, 15) = 4.32, MSe = .037. Multiple 
comparisons using the Newman-Keuls procedure revealed 
that for the dark condition, this was the result of the 
25 sec ITI duration differing significantly from the 
other three durations, while the other three durations 
did not differ from each other, In addition, for the 
light condition, the 1 sec duration differed 
significantly from the other three durations, while the 
other three durations did not differ from each other. 
In other words, the highest rate of responding to the 
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sample stimulus in the dark, was at the 25 sec ITI 
duration and in the light at the 1 sec ITI duration. 
Another way of examining the effects of ITI 
duration and illumination is to analyze responses per 
sec made to comparison and sample stimuli separately on 
two-trial sequences within a daily session. The first 
analysis examined whether response rate to the 
comparison stimulus of the current trial was affected 
by the type of trial that had occurred on the previous 
trial. Essentially, two-trial sequences over a daily 
session can consist of: a match trial followed by a 
match trial (labelled M-M); a non-match trial followed 
by a non-match trial (NM-NM); a match trial followed by 
a non-match trial (M-NM); and a non-match trial 
followed by a match trial (NM-M). Recall that Red-Red 
and Green-Green are match trials and Red-Green and 
Green-Red are non-match trials. Therefore, this 
two-trial sequence analysis also examined whether 
differences existed in response rates to comparison 
stimuli between type of trial and type of stimuli. 
That is, using the M-M trial sequence as an example, is 
performance similar when an RR trial is followed by an 
Pigeon Short-Term Memory 
96 
RR trial (labelled Same), compared to when an RR trial 
is followed by a GG trial (labelled Different)? 
An analysis of variance was carried out on response 
rates to the comparison stimuli using as factors: 
illumination condition, ITI duration, type of trial, 
and type of stimuli. Since the data presented earlier 
on discrimination indices indicated that no effects 
were found to be significant in replication one, only 
the data from the second replication were used. Also, 
since certain sequences (M-M) occurred seldomly over a 
daily session, it was decided to use the values from 
the first replication if missing values existed in the 
second replication. The actual percentage of missing 
values in the second replication only accounted for 3% 
of the data. The data were also analysed by estimating 
the missing value through the use of a specific cell 
mean and the obtained results were the same. 
Significant main effects were found for ITI 
duration, F(3, 15) = 3.60, MSe = 2.25; type of stimuli, 
F(l, 5) = 5.95, MSe = .510; and type of trial, F(3, 15) 
= 8.66, MSe = 23.26. Several interactions were also 
found to be significant: type of trial X type of 
stimuli, F(3, 15) = 5.90, MSe = .323; ITI duration X 
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illumination condition X type of trial, F(9, 45) = 
2.16, MSe = .633; and illumination condition X type of 
stimuli X type of trial, F(3, 15) = 6.78, MSe = .418. 
A simple main effects analysis was performed on 
each of the three-way interactions. Figure 8 shows the 
ITI duration X illumination condition X type of trial 
interaction. The effect of illumination was found to 
be significant at the 25 sec ITI duration for NM-NM and 
M-NM trial sequences, F(l,45) = 15.27, MSe = .633, and 
F(l, 45) = 6.13, MSe = .633, respectively. This was 
the result of higher rates on NM-NM and M-NM trial 
sequences in the light, than NM-NM and M-NM trial 
sequences in the dark. The effect of ITI duration was 
significant for M-M trial sequences for both dark and 
light, F(3, 45) = 5.25, MSe = .633, and F(3, 45) = 
4.53, MSe = .633, respectively. This was the result of 
increased rates of responding at the 25 sec ITI 
duration. The effect of ITI duration was also 
significant for the NM-NM and NM-M trial sequences in 
the light, F(3, 45), = 6.23, MSe = .633, and F(3, 45) = 
2.89, MSe - .633, respectively. For the NM-NM trial 
sequence, this was the result of the 25 sec ITI 
duration differing from the other three durations, but 
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Figure 8. Mean response rate per sec to the comparison 
stimuli as a function of trial sequence type, illumination 
condition, and ITI duration. 
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the other three durations, but the other three 
durations not differing from each other. For the NM-M 
trial sequence, the 5 sec duration differed from the 
other three durations, but the other three durations 
did not differ from each other. The effect of type of 
trial was significant across all ITI durations and in 
both illumination conditions. T-tests were conducted 
between M-M and NM-M trial sequences at all durations 
and in both illumination conditions, and between NM-NM 
and M-NM trial sequences at all durations and in both 
illumination conditions. A significant difference was 
found between M-M and NM-M trial sequences at the 1 sec 
ITI duration spent in the light, t(2, 45) = 1.51, MSe = 
.633. This was the result of a higher rate of pecking 
to the M-M trial sequence for this condition. A 
significant difference was also found between M-M and 
NM-M trial sequences at the 25 sec ITI duration spent 
in the light, t(2, 45) = 2.11, MSe = .633. Once again 
it was the result of a higher rate of pecking to the 
M-M sequence. No other means were found to differ 
significantly. 
Table 6 shows the illumination condition X type of 
trial X type of stimuli interaction. The effect of 
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Table 6 
Mean responses per sec to comparison stimuli of the 
current trial when the previous trial was the same or different, 
as a function of trial type and illumination. 
(Standard deviation in brackets). 
Previous Stimuli 
SAME 
Trial Type M-M NM-NM M-NM NM-M 
Previous Stimuli 
DIFFERENT 
M-M NM-NM M-NM NM-M 
Illumination 
Dark 3.00 .32 .38 2.92 3.13 .35 .21 3.01 
(2.46) (.58) (.36) (2.18) (2.73) (.29) (.17) (2.25) 
Light 3.77 .71 .59 2.73 2.47 .70 .45 2.67 
(2.23) (.87) (.53) (2.92) (2.01) (.39) (.34) (2.58) 
D = Dark, L • Light, M = Match, NM - Non-Match 
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illumination was found to be significant only for the 
M-M trial sequences, regardless of whether the stimuli 
from the previous trial were the same as or different 
from the stimuli of the current trial, F(l, 15) = 
16.67, MSe = .418, and F(l, 15) = 12.31, MSe = .418, 
respectively. This was the result of higher response 
rates in the dark to the M-M trial sequence when the 
previous stimuli were different and higher response 
rates in the light if the previous stimuli were the 
same as the current stimuli. The effect of the 
previous stimuli was found to be significant for only 
the M-M trial sequence spent in the light, F(l, 15) = 
47.99, MSe = .418. The effect of type of trial was 
significant for both illumination conditions and 
regardless of whether the stimuli from the previous 
trial were the same or different from the stimuli of 
the current trial. T-tests were conducted between the 
M-M and NM-M trial sequences and between the NM-NM and 
M-NM trial sequences revealing a significant difference 
between the M-M and NM-M trial sequences when the 
stimuli of the previous trial were the same as the 
stimuli of the current trial and the ITI duration was 
spent in the light, t(2, 15) • 3.45, MSe = .418. This 
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was the result of higher response rates to the M-M 
trial sequences. No other means were found to differ 
significantly. 
Also examined were the rates to the sample stimuli 
of the current trial when the sample stimulus of the 
previous trial was the same or different and when the 
previous trial was a match or non-match trial. In this 
analysis, the current type of trial was not a factor, 
since the birds had no way of knowing if the current 
trial was a match or a non-match by simply viewing the 
sample. Therefore the data were collapsed across the 
four trial types (M-M, M-NM, NM-M, and NM-NM). The 
remaining factors were: illumination condition, ITI 
duration, whether the previous trial was a match or a 
non-match (labelled Previous type of trial), whether 
the sample stimulus of the current trial was the same 
or different from the sample stimulus of the previous 
trial (labelled previous type of stimuli), and 
replication. A significant effect was found for 
illumination condition, F(l, 5) = 8.31, MSe = .924. 
The illumination condition X ITI duration and ITI 
duration X previous type of stimuli X previous type of 
stimuli interactions were found to be significant, F(3, 
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15) = 13.08, MSe = .133, and F(3, 15) = 4.15, MSe = 
.028, respectively. Figure 7 (p. 93) shows the 
significant interaction of illumination condition X ITI 
duration. The effect of illumination condition was 
significant at the 10 and 25 sec ITI durations, F(l, 
15) = 17.30, MSe = .133 and F(l, 15) = 75.36, MSe = 
.133, respectively. This was the result of higher 
response rates to the sample stimuli following the ITI 
durations of 10 and 25 sec spent in the dark. The 
effect of ITI duration was found to be significant for 
both the dark and the light condition, F(3, 15) = 
13.08, MSe = .133, and F(3, 15) = 4.33, MSe = .133, 
respectively. Multiple comparisons, using the 
Newman-Keuls procedure confirmed that this was the 
result of higher response rates to the current sample 
following a 25 sec ITI duration spent in darkness and 
also higher response rates to the current sample 
following a 1 sec ITI duration spent in the light. All 
remaining mean pairwise differences were not 
significant. 
Figure 9 shows the interaction of ITI duration X 
previous type of trial X previous type of sample 
stimulus. A simple main effects analysis performed on 
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Figure 9. Mean response rate per sec to the sample stimulus 
as a function of the previous trial trial, the previous 
stimulus type, and ITI duration. 
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the three-way interaction revealed a significant effect 
of the previous type of sample at the 1 sec duration. 
Specifically, if the previous trial had been a match, a 
higher rate of responding occurred if the current 
sample was the same as that on the previous trial, F(l, 
15) = 8.92, MSe = .028. The effect of ITI duration was 
found to be significant, regardless of whether the 
previous trial had been a match or a non-match and 
regardless of whether the sample of the current trial 
was the same or different from the sample of the 
previous trial, F(3, 15) = 4.35, MSe = .028 (same 
sample and match trial); F(3, 15) = 8.50, MSe = .028 
(same sample and non-match trial); F(3, 15) = 9.50, MSe 
= .028 (different sample and match trial); and F(3, 15) 
= 7.57, MSe = .028 (different sample and non-match 
trial). Multiple comparisons using the Newman-Keuls 
procedure revealed that the highest rate of responding 
to the sample occurred at the 25 sec ITI duration, 
regardless of what the previous trial had been, but 
provided the current sample was different from the 
previous sample. This was also true of the 25 sec ITI 
duration when the current sample was the same as the 
previous sample and the previous trial was a non-match. 
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However, response rate was highest at the 1 sec ITI 
duration when the current sample was the same as the 
previous sample and the previous trial was a match. 
An analysis of variance was also carried out on the 
mean latency to the warning stimulus and revealed no 
significant main effects or interactions. Table 7 
shows the mean latency to the warning stimulus as a 
function of illumination and ITI duration for each 
replication separately. Also analysed was the 
discriminative performance on the baseline sessions 
which intervened between testing sessions, as a 
function of the experimental condition presented on the 
preceding day. No significant main effects or 
interactions were found. Table 8 shows the mean 
discriminative baseline performance for each preceding 
test condition. 
Discussion 
The only statistically significant effects observed 
during the first replication of testing was the fact 
that the birds, at the 1 sec illuminated ITI duration, 
showed fewer trials with no responses to the non-match 
comparison stimuli, relative to the 1 sec darkened ITI. 
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Table 7 
Mean latency to the warning stimulus as a function of illumination 
condition and ITI duration for each replication separately. 
(Standard deviation in brackets). 
Replication One 
ITI (sec) 1 5 10 25 
Illumination 
Dark 3.90 4.84 5.71 3.89 
(4.96) (7.33) (10.67) (5.23) 
Light 2.85 5.84 4.85 3.05 
(2.48) (7.63) (8.37) (4.83) 
Replication Two 
ITI (sec) 1 5 10 25 
Illumination 
Dark 3.00 4.32 2.49 3.92 
(2.29) (5.52) (3.12) (6.19) 
Light 3.48 3.71 3.35 2.59 
(3.03) (4.67) (4.62) (3.73) 
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Table 8 
Mean discriminative baseline performance as a function 
of the preceding test session. 
(Standard deviation in brackets). 
Replication One 
ITI (sec) 1 5 10 25 
Illumination 
Dark 81.57 84.71 86.70 84.32 
(12.84) (11.21) (10.60) (7.60) 
Light 89.54 86.86 83.24 81.37 
(5.90) (7.05) (11.40) (17.26) 
Replication Two 
ITI (sec) 1 5 10 25 
Illumination 
Dark 85.16 84.32 85.60 80.89 
(5.66) (15.62) (12.01) (7.74) 
Light 75.65 80.45 81.47 69.37 
(16.15) (9.30) (8.65) (27.09) 
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In addition, the birds responded more to the match 
comparison stimuli following a dark ITI, relative to a 
light ITI, regardless of ITI duration. The results of 
the second replication of testing will be summarized 
briefly. During darkened ITI's, no significant 
disruption in discriminative performance occurred, 
while for illuminated ITI's, the 25 sec differed from 
the 1 and 5 sec and the 5 sec differed from the 1 and 
10 sec. In addition, following a 25 sec darkened ITI 
duration, sample responding was highest relative to the 
other darkened ITI durations. Also, the 25 sec ITI 
duration spent in the light resulted in more responding 
to the non-match comparison stimuli than the same 
duration spent in the dark and also showed fewer trials 
in which no responses were given to the non-match 
comparison stimuli. In addition, the sequential 
analysis of response rates to the comparison stimuli 
(Figure 8), revealed that at the 25 sec illuminated ITI 
duration there was a higher rate of responding to the 
current comparison stimulus of the NM-NM and M-NM trial 
sequences. In addition, at the 25 sec ITI duration 
there was a higher rate of responding to the M-M trial 
sequence relative to the NM-M trial sequence. The 
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sequential analysis of response rates to the sample 
stimuli (Figure 9) revealed that at the 25 sec ITI 
duration the birds responded more provided the current 
sample was different from the previous sample and 
regardless of whether the previous trial was a match or 
non-match. This was also the case when the current 
sample was the same as the previous sample and the 
previous trial was a non-match. 
The present research also demonstrated that when 
the ITI duration was spent in the light, rather than in 
the dark, the birds made fewer responses to the match 
comparison stimuli, displayed longer latencies to the 
match comparison stimuli, and displayed shorter 
latencies to the non-match comparison stimuli. 
Contrary to expectations based on proactive 
interference theories, the present research 
demonstrated poorer discriminative performance at the 
longer illuminated ITI durations. Both the temporal 
discrimination theory (D'Amato, 1973) and the trace 
strength theory (Roberts § Grant, 1974) predict that 
performance will be better at the long ITI durations, 
presumably because proactive interference declines as a 
result of competing memories from previous trials being 
Pigeon Short-Term Memory 
111 
forgotten over longer ITI's (Grant, 1975; Nelson § 
Wasserman, 1978). The present results resemble those 
obtained by Santi and Grossi (in press), where they 
also demonstrated a performance deficit at a long ITI 
duration (25 sec). However, while this deficit was 
significant in both illumination conditions in the 
Santi and Grossi study, the present research revealed a 
significant disruption of performance at 10 and 25 sec 
ITI durations, but only in the light condition. In 
both studies, the number of responses made to the 
sample stimuli was higher following an ITI duration 
spent in the dark than an ITI duration spent in the 
light. Both studies also reported significant 
increased responding to the non-match comparison 
stimuli in the 25 sec illuminated ITI duration. 
Santi and Grossi (in press) explained their results 
through a Pavlovian phenomenon called autopecking, 
which essentially entails the relationship between a 
stimulus, such as a keylight, and a reinforcer, such as 
food. Brown and Jenkins (1968) demonstrated that when 
(once every 60 sec) a response key was illuminated for 
8 sec and was immediately followed by the delivery of 
grain, some pigeons began pecking at the illuminated 
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key after only 9 key (CS)- food (US) pairings, even 
though food delivery was independent of the bird's 
behavior. Once pecking occurred, each peck at the 
illuminated key extinguished the key light'and gave the 
bird access to food for a brief duration (2-3 sec). 
Using this autoshaping procedure, Terrace, Gibbon, 
Farrell, and Baldock (1975) conducted an extensive 
study of ITI duration using values ranging from 5 to 
400 sec. The findings revealed that acquisition of 
autopecking (defined as the number of trials necessary 
to acquire the keypeck) was quicker for birds given 
longer ITI durations. In fact, rate of acquisition was 
a direct linear function of the ITI duration meaning, 
the longer the ITI duration, the faster acquisition 
occurred. 
Looney, Cohen, Brady, and Cohen (1977) have 
demonstrated that autoshaping procedures can be used 
when studying conditional discriminations that involve 
successive presentations of two stimulus components. 
In this study, a red stimulus followed by a vertical 
line or a green stimulus followed by a horizontal line 
terminated with 5 sec access to grain. But a red 
stimulus followed by a horizontal line or a green 
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stimulus followed by a vertical line was followed 
immediately by the ITI. The key was dark only during 
grain presentation: During the ITI, it was illuminated 
with a white light. The results showed that pigeons 
acquired a conditional discrimination (i.e., they gave 
more responses to the second positive component) even 
though both the stimuli and reinforcers were response 
independent. Santi and Grossi (in press) argued that 
their response rates to the comparison stimuli were 
similar to those reported by Looney et al. (1977) and, 
since a successive matching-to-sample procedure is in 
many ways similar to the conditional discrimination 
procedure used by Looney et al. (1977), suggested that 
quite likely Pavlovian contingencies may play a role in 
successive DMTS. 
In the present research, it appears that the only 
finding that can be accounted for by an autopecking 
explanation is the fact that at the 25 sec ITI duration 
regardless of illumination condition, response rate to 
the comparison stimuli for the M-M trial sequence was 
higher relative to the other ITI durations. Unlike the 
Santi and Grossi (in press) study in which no 
interactions were found between ITI duration and 
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illumination condition, the present results revealed 
numerous such interactions. However there is no 
obvious way in which an autopecking explanation as 
described can account for such differential effects 
across illumination conditions. It appears that an 
adequate explanation would have to incorporate 
additional mechanisms to properly account for the 
effects of illumination condition. 
It should be mentioned, that based on the results 
of Brown and Jenkins (1968), that autoshaping in 
pigeons can be evidenced when the houselight is 
constantly on, Wasserman (1973) modified an autoshaping 
procedure so that pigeons were trained in a chamber 
that was completely dark except when the key or hopper 
was illuminated. He argued that this modification was 
expected to make the keylight even more salient and 
thus facilitate the acquisition of keypecking. 
Contrary to expectations, training in a dark chamber 
failed to produce any appreciable keypecking. By 
contrast, training in a brightly illuminated chamber 
readily produced keypecking. Wasserman explained his 
results by what he called a cue localization 
hypothesis, which suggests that in a dark chamber, 
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since the only source of illumination is the keylight, 
alternative predictors of food such as a corner of the 
chamber or the grain hopper may be available for the 
animals to use. The effect of the houselight 
constantly on however, is to isolate key surface 
illumination as the best predictor of food. 
Unfortunately, Wasserman (1973) made use of an 
autoshaping procedure while the present research made 
use of a successive DMTS procedure, which makes for 
limited comparisons between studies. But it is 
interesting, in the present research, that for both 
sample and comparison stimuli (in some cases), response 
rate was higher if the ITI duration had been spent in 
illumination. However, there were several instances in 
which this effect was not evidenced and therefore 
caution should be taken in concluding that illumination 
during an ITI contributes to a higher response rate. 
Even though the sequential effects to the 
comparison stimuli demonstrated that response rates 
were higher for the NM-NM and M-NM trial sequences at 
the 25 sec ITI duration, this was conditional upon the 
25 sec ITI duration being spent in the light. 
Similarly, the increased sample responding obtained 
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following a 25 sec ITI duration, occurred only in the 
dark condition. Finally, the fact that the birds at 
the 5 sec illuminated ITI duration responded more to 
the comparison stimuli for the NM-M trial sequence 
relative to the other durations also presents 
difficulty for this interpretation. In summary, these 
findings emphasize the importance of the illumination 
condition and the importance of understanding that the 
present results cannot be accounted for solely by an 
autopecking explanation. 
The findings at the 1 sec illuminated ITI duration, 
that the birds responded more to the sample stimulus, 
relative to the dark condition and that the birds 
responded more to the comparison stimuli for the M-M 
trial sequence relative to the NM-M trial sequence, 
also presents difficulty for this interpretation. 
Perhaps this latter effect can be explained to some 
extent by considering the fact that for the M-M trial 
sequence, reinforcement has just been presented to the 
birds and quite possibly the reinforcement may act to 
increase responding relative to the NM-M trial 
sequence, where the birds have just experienced a 
blackout. However, the failure to find differences in 
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response rates between the M-NM and NM-NM trial 
sequences at the 1 sec ITI duration casts some doubt on 
this idea. The fact that this effect was only observed 
in the light is interesting because it may suggest that 
in the dark condition at 1 sec for the NM-M sequence, 
the birds may be treating the 1 sec ITI duration as 
actually part of the blackout. Both the ITI and 
blackout occur together, temporally contiguous after a 
non-match comparison stimulus, while this is not the 
case following a match comparison since reinforcement 
is presented in an illuminated hopper. 
Recently, Kendrick, Tranberg and Rilling (in press) 
studied the effects of illumination changes on 
acquisition of a successive DMTS procedure. Pigeons 
were used in a between-group design which factorially 
varied houselight illumination, on or off, during the 
presentation of the DMTS stimuli (sample § comparison), 
the retention interval, and the ITI. The primary 
results revealed a significant three-way interaction 
between blocks of sessions, ITI, and DMTS stimuli. 
Constant houselight illumination throughout the 
presentation of the DMTS stimuli and the ITI resulted 
in highest discriminative performance over the last 
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four sessions. The results were explained by a 
combination of Wasserman1s cue localization hypothesis 
and Wagner's (1979) notion that a salient stimulus 
change commands an animal's attention in short-term 
memory and displaces the current contents of a limited 
capacity rehearsal buffer. 
Kendrick et al. also reported that response rate to 
the sample stimuli was higher if the houselight was off 
for all three trial events than if the houselight was 
on for the ITI but off for the DMTS presentations and 
the retention interval. This was also true in the 
present research (for the longest ITI), which perhaps 
may suggest that a combination of an autopecking 
explanation which incorporates both the effects of ITI 
durations and illumination, with the notion that 
stimulus changes are disruptive may provide an initial 
direction in accounting for some of the present data. 
It is interesting to note that Roberts (1980), in 
analysing two-trial sequences using the 3 key DMTS 
procedure, demonstrated that memories from the previous 
trial influenced performance on the current trial. 
Specifically, pigeons' choices on the current trial 
reflected a preference for the pattern presented on the 
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position of the key most recently pecked on the 
previous trial, regardless of the outcome of the 
previous trial (reinforced or not reinforced). In the 
present research it is interesting to note that the 
birds responded more to the comparison stimuli for the 
M-M trial sequence at the 1 and 25 sec ITI durations 
relative to the NM-M trial sequence. This indicates 
that there are sequential effects present in the 
successive DMTS procedure and that birds are capable of 
remembering past events (events that took place on the 
previous trial) over a 25 sec ITI duration. But it is 
somewhat puzzling why this effect was not obtained at 
the 5 and 10 sec ITI durations. 
Two issues that need to be resolved are, first, to 
determine to what degree a memory component is involved 
when manipulating ITI duration and, second, to what 
degree does autopecking interact with memory when using 
a successive DMTS procedure. If there is little memory 
involved when using the successive DMTS procedure and 
manipulating ITI duration, perhaps the effect of higher 
response rates to the comparison stimuli for the M-M 
trial sequence relative to the NM-M trial sequence 
might be explained differently. 
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One of the most surprising and somewhat puzzling 
findings in the present research was the absence of any 
significant effect of either ITI duration or 
illumination on discriminative performance during the 
first replication of testing. This was totally 
unexpected in light of the results reported by Santi 
and Grossi (in press), where they found no significant 
interaction of replication with ITI duration or 
illumination. Quite possibly the implementation of a 
baseline condition between each pair of test conditions 
in the present research may have contributed to the 
unexpected result of replication one. Perhaps the 
baseline session masked any effect initially, but over 
repeated exposure to the test conditions this masking 
effect could have diminished. Examination of mean 
discriminative baseline performance (Table 8) revealed 
that performance was certainly poorer for the second 
replication relative to the first, although the 
statistical analysis revealed no differences. This 
idea needs to be further studied in order to argue 
masking was the reason for the results or lack of 
results for the first replication. 
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The present research has also demonstrated that 
achieving criterion behavior is difficult when 
manipulating the retention interval in a successive 
matching-to-sample procedure. This may have been due 
to the nature of the successive DMTS procedure. Recall 
that in the DMTS procedure, as the birds begin to 
select the correct comparison, reinforcement density 
increases accordingly: It is directly proportional to 
the number of correct trials. In the successive DMTS 
procedure, no matter what the bird's behavior is 
towards the comparison stimuli, reinforcement is only 
presented 50% of the time. Therefore the birds might 
select a strategy of pecking at all comparisons, 
especially at the longer retention interval, since at 
longer retention intervals the task becomes more 
difficult (Zentall § Hogan, 1974). However this would 
not explain the fact that the birds were discriminating 
and did not deviate significantly from the specified 
criterion during the baseline training sessions. It 
would be interesting to modify the procedure and reward 
the birds for refraining from pecking the non-match 
comparisons. Perhaps with this modification, the 
stability in a successive DMTS procedure will more 
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closely resemble the stability in the 3 key DMTS 
procedure. However, Williams and Williams (1969) 
demonstrated that pigeons will not refrain from pecking 
even when pecks to a key (in an autoshaping procedure) 
turned off the key and prevented reinforcement. 
Williams and Williams concluded that contingencies of 
reinforcement alone do not determine when or how 
strongly some behaviors occur. This mighlT^expIain why 
in a successive DMTS procedure it is difficult to show 
a discrimination index of 100% (no responding to the 
non-match comparisons) across all birds on every 
session. However, the Williams and Williams (1969) 
study dealt with an autoshaping procedure while the 
present research made use of a successive DMTS 
(conditional discrimination) procedure, and therefore 
procedural differences between the two studies may not 
allow for direct comparison. 
In summary, the results of both the present 
research and those of Santi and Grossi (in press) 
suggest that proactive inhibition effects are very 
difficult to observe in the successive DMTS procedure 
compared to the more common DMTS procedure. Indeed, it 
appears that a more careful analysis of other factors 
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(e.g., autopecking) may be necessary in order to 
determine whether proactive inhibition effects can be 
evidenced in the successive DMTS procedure. 
Future research could examine the role of 
autopecking in a successive DMTS procedure by using ITI 
durations longer than 25 sec. Since Perkins, Beavers, 
Hancock, Hemmendinger, Hemmendinger and Ricci (1975) 
have demonstrated that higher rates of autopecking 
occur at longer ITI's than at shorter ITI's in an 
unconditional discrimination procedure, then using even 
longer ITI durations in the present successive DMTS 
procedure (eg., 120 or 720 sec) should produce even 
lower discriminative performance if autopecking is a 
factor. Future research could also further examine the 
effects of ITI and illumination using a procedure which 
minimimizes the effects of autopecking such as the more 
common 3 key DMTS procedure. Perhaps when the effects 
of autopecking are minimized by examining response 
choice rather than response rate, proactive inhibition 
effects would be observable. 
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